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Throughout this thesis the cellular nomenclature which 
was suggested by a committee which met in Prague in 19609 
has been used (1echaxiiszas of antibody formation, edited by 
M. Holub, Prague, 1960). The term 'lyptoid" ims been used 
to include cells of the lyniphocytic and the plasm.acytic series. 
General Introduction 
A central problem in immunology is still the question 
of whether or not antibody production can only occur in the 
presence of specific antigen. Experimental evidence on the 
duration of the persistence of antigen or antigenic deter-
minants in animals is accumulating (MoMast.r and Edwards 
1957, Garvey and Campbell 1956, 1958, and Koshland 1957) and 
from such evidence hypotheses of antibody production, based 
on the necessity of the persistence of antigen for the 
continued production of antibody, are being derived (Monod 
19599 and Pappenheimer, Scharff and Uhr 1959). On the other 
hand, recent advances in the studies of the induced synthesis 
of enzymes by bacteria and in microbial genetics have led to 
the formulation of hypotheses of antibody production which 
suggest that an antigen either acts by imprinting its 
specificity on the "genetic synthetic processes" of the 
antibody producing cells (Burnet and Penner 19499  Burnet 
1956, and Schweet and Owen 1958), or by selectively 
increasing the proportions of cells which are capable of 
forming gamma globulin of the required specificity (Burnet 
1957, 1959, Talmage 1957, 1959, and Lederberg 1959). 	In 
both these latter cases the persistence of antigen for the 
continued production of antibody is not thought to be 
essential. 
In devising experimental approaches to test the validity 
of either type of hypothesis of antibody production, it can  
2. 
be seen that further demonstrations of antigen persistence 
will not, in themselves, support either category of 
hypothesis. There is one experimental approach however 
which would yield valuable information on the permanency of 
any changes induced in antibody producing cells by the first 
contact with the antigen. This would involve inducing 
cells from immunized animals to divide in the absence of 
antigen and measuring their subsequent capacity to produce 
antibodies. If the cells were found to have lost their 
capacity to produce antibodies after a measured amount of 
cell division, the validity of the premise of second 
category of hypotheses of antibody production would be very 
questionable, while such a result would add weight to the 
arguments in favour of the first category of hypothesis. 
Cells can either be induced to divide within the body 
or under conditions of tissue culture. Lymphoid cells can 
be induced to divide within the body by the application of 
radiomiiaetic drugs such as mereaptopurine although the 
initial toxic effects or the subsequent uncontrolled growth 
may be fatal for the animal. The transfer of small numbers 
of lymphoid cells or myeloid cells to an animal which has 
received a lethal dose of radiation is agreed to involve the 
recolonization of the lymphoid tissues of the host, destroyed 
by irradiation, by the multiplication of the transferred 
cells (see Makinodan, Gengozian and Congdon 19569 Atchison 
1956, and Dresser 1961). The disadvantage of such a system 
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is that the amount of cell division within the tissues of the 
host canx'ot be measured, but only estimated. This knowledge 
is however essential to any quantitative measurement of the 
effects of cell division on antibody producing cells. 
By the use of appropriate techniques, when tissues are 
cultured in vitro a cheek can be made or kept on the amount 
of cell division which occurs (see Willmer 1958). Many 
attempts have been made to culture antibody-forming lymphoid 
tissue and non-antibody-forming lymphoid tissue in vitro. 
These will be reviewed extensively in Part I of this thesis. 
While antibody formation has been followed frequently In 
vitro and many other features of the immune response have 
also been worked out with this technique, it has never been 
possible to follow the response in vitro for more than a few 
days and extensive growth of the immunized or non-immunized 
lymphoid tissue has never been observed. 
This lack of success in culturing lymphoid cells could 
be attributed to a variety of factors. ihe culture medium 
might not contain essential metabolites; metabolic 
Inhibitors might be present initially in the medium, or 
accuaijlate during the period of culture; some essential 
metabolic co-ordinator might be diluted out in the medium or 
finally, essential specific cellular contacts might be broken 
down under the conditions of culture. Theoretically, if any 
or all of these factors were the causes of the previous lack 
of success in culturing lymphoid tissue in vitro, it should. 
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be possible to eliminate them, one by one. 
The work for this thesis is based on the idea that 
despite the lack of success of the earlier workers it might 
be possible to devise culture conditions in which antibody 
producing cells could be induced to divide. In order to 
measure the subsequent capacity of these cells to produce 
antibodies they could either be given a dose of antigen in  
vitro or the cells could be re-injected into an animal and 
their capacity to produce antibodies measured in the host 
animals. Since the success in actually initiating an 
immune response in vitro has been equivocal (see review 
Part I) the second alternative was chosen. In this Case, 
even if no cell division had occurred in vitro the nature of 
the immune response shown by the cells in the host animal 
would give an indication of the permanency Of any changes 
induced in the cells during their period of maintenance in  
vitro. 
The experimental procedure adopted involved the culture 
in vitro of spleen cells from CA mice which had been 
immunized with bovine gamma globulin (G). These donor 
mice were known to be capable of giving a secouidaiy immune 
response when challenged with UGG (Dresser 1960). Ihe 
spleen cells were cultured for different lengths of time in 
a variety of media and after harvesting the cells were 
injected into CBA mice which had received lethal or sublethal 
doses of X-radiation. The recipient mice were irradiated 
5 , 
since Harris and Harris (1954)  had shown that irradiation 
destroyed the capacity of the recipient mice to respond to 
any antigen carried over in the cells, while Dresser (1961) 
suggests that this procedure may create "apace" in which the 
cells can settle. Two weeks after receiving the tissue 
cultured cells the mice were challenged with IGG and the 
response of the recipient mice to the antigen was followed 
and compared with the response of control mice. These 
control mice had received spleen cells which had not been 
tissue cultured from immunized mice. Parallel experiments, 
in the same media, were carried out to measure total cell 
numbers and the proportions of the different cell types. 
The responses of the mice which had received the tissue 
cultured cells were also compared with those of groups of 
mice which had received different numbers of immunized cells 
or a known amount of antibody after the challenge injection 
of antigen. In this way it was possible to quantify the 
effect which the period in vitro had had on the antibody 
producing cells. 
I  e graft..versus-host reaction was also employed as a 
measure of the effect of tissue culture on the spleen cells. 
This test is based on reactions which occur when baby mice 
are injected with viable spleen cells from an adult of a 
different genotype. Splenomegaly is one of the early 
symptoms of the reaction, and has been used here as a 
measure of the physiological state of the spleen cells after 
various lengths of culture in different media. 
In Part I of this thesis the techniques of culturing 
the spleen cells and the results obtained when the immune 
responses of mice receiving the cultured cells is measured 
are presented. 
Part II of this thesis presents the results obtained 
when the cultured spleen cells are injected into baby mice 
and the degree of splenomegaly is measured. 
6 . 
PAR1 It f he measurement of the effects of tissue 
culture on cells from immunized animals 
Introduction 
A plan of the experiments to be described in this 
section has already been given in the General Introduction. 
Before describing the experiments in detail, it is convenient 
to review the literature on experiments involving the culture 
of lymphoid tissue in vitro. This will help to clarify the 
design of the experiments and will facilitate further 
discussion. Bone marrow has also frequently been cultured 
in vitro but since it is probably an inherently better 
growing tissue than spleen and lymph nodes, possibly because 
it consists mainly of myeloid tissue, the literature on the 
culture of bone marrow in vitro will not be reviewed here. 
Review of the literature 
There are a great many experiments in which attempts 
have been made to culture lymphoid tissue in vitro, and for 
tnis reason it is convenient to categorize them. This can 
be done in a number of ways, but here the experiments have 
been grouped on the basis of the reasons for which the 
various attempts were made to culture the tissues in vitro. 
On the one hand these were to establish the origin and 
potentialities of the lymphoid and reticulo-'endothelial 
cells and on the other to follow the formation of antibody 
and gamma globulin in vitro by a variety of tissues. 
8 . 
1. The culture of ldmphoid tissue from normal anials 
The questions of the origins and inter-relationships of 
blood monocytes, lymphocytes, macrophages and hietiocytes 
stimulated an interest in the culture of tissues from lymphoid 
organs. Fragments of lymph nodes, thoracic duct lymph, Duffy 
coat of blood and pieces of connective tissue have been 
cultured. .he only indication of the success of the culture 
which can be given is the change of one cell type to another, 
or the maintenance of the original cell type. 
Carrel and Ebeling (1922)  cultured the Duffy coat of hen 
blood in media consisting of different proportions of 
Tyrode' s solution, plasma and chick embryo extract • They 
found that after a week in vitro the culture consisted of 
large mononuclear cells which they suggest were derived from 
the small and medium lymphocytes, which had disappeared from 
the cultures. These large mononuclear cells later appeared 
to transform into fibroblast-like cells, particularly when 
embryo extract was included in the medium. These changes 
were inhibited however when heterologous rather than auto-
logous plasma was used. Using the same type of medium, 
Carrel and Ebeling (1926) later showed that monocytea from 
the Duffy coat of blood increased in size until they came to 
resemble histologically the tissue macrophages which migrated 
from fragments of connective tissue, also grown in the same 
medium. This change was reversed when the tissues were 
grown in Tyrode's solution alone. They concluded. that 
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monocytes and macrophages are basically the 8$Th5 type Of 
cell, which assume their different forms in the milieu in 
which they exist within the body. 
Bloom (1927) cultured pieces of clotted thoracic duct 
lymph from rabbits in Ringer's solution, with added plasma 
and various tissue extracts. He found that while many of 
the small and medium lymphocytes die in the first two days 
of culture, some of them appear to transform firstly into 
large macrophage-like cells, which can take up and store 
dyes, and then into fibroblasts. Maximoy (1927) using the 
same culture conditions, but tissues from guinea pigs, also 
observed this transformation of lymphocytes into fibroblasts. 
Hall and Furth (1938)  were unable to repeat completely 
these observations of Carrel and Ebeling and of Mail mov and 
Bloom. The appearance of fibroblasts was never observed in 
their cultures of rabbit thoracic duct lymph tissue, although 
the development of phagocytic powers by the monocytea was 
observed. Large lymphocytes appeared to divide forming 
smaller ones, and many of these email cells died within 48 
hours. 
J. Medawar (1940) again was unable to demonstrate the 
transformation of lymphocytes from thoracic duct lymph into 
fibroblasts in vitro. The addition of bone marrow extract or 
chick embryo extract to the clot did not promote any such 
transformation. She also found that after 24 hours of 
culture many of the lymphocytes were dead. 
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While in all the experiments described up to this point 
the death of lymphocytes early in the period of culture is 
reported, monocytes do appear to grow and survive for 
considerably longer times in vitro, either as m.onocytes or 
macrophages. Jacoby (1937) has maintained monocytes from 
the Buffy coat of hen blood in vitro for over two weeks. 
,The monocyteB were grown as a suspension in a medium consisting 
of 20 per cent hen serum in Tyrod.e's solution. No matter what 
was the past history of the culture, the addition of fresh 
medium every five days resulted in a characteristic wave of 
mitoses, which then declined, as found that the cells 
assumed a flatter form when embryo extract replaced the serum 
in the medium. lie suggests that the embryo extract causes a 
permanent change to the cells, since replacing the embryo 
extract with serum does not reverse the change. 
Trowsil (1949)  found that he could maintain rat lympho-
cytes in a viable state for three to four days, or about 
twice as long as was previously possible, when he cultured 
fragments of lymph nodes in clots of cock plasma and horse 
serum. This apparently longer survival time could be the 
consequence of culturing the tissues at a temperature of 34 °C 9  
which is lower than that normally used for mammalian tissues 
and which will reduce the rate of metabolism, lie found that 
the addition of embryo extract, thymus or bone marrow extracts 
to the clots did not improve the condition of the cells after 
culture. Trowell (1952) developed the use of counts of 
11. 
damaged (pycnotic) nuclei to indicate the state of the 
cultured cells. Lie rarely found pyanotic nuclei of large 
and medium lymphocytes and he suggested that since these 
cells were there initially, this indicated that these cells 
matured to form small lymphocytes, but that no cells 
survived the conditions of culture to replace the immature 
cells, lie found that within the pH range of 6.5 8.6 there 
was no change in the pycnotic count of the cells, while the 
oxygen and glucose consumption suggested that a normal 
carbohydrate metabolism was maintained in vitro. Troweil 
(1955) developed a synthetic medium containing mixtures of 
vitamins and amino acids. In this artificial medium the 
cells could be kept in a viable state for four days. He 
also found that 0.1% solutions of gelatin and albumin could 
be used instead of serum in this medium, to give the same 
survival of the lymphocytes. 
2. ihe formation of gamma globulin in vitro 
The identity of antibodies with the gamma globulin 
fraction of the plasma proteins has been determined by 
physiochemical, chemical and immunological techniques (see 
Florey 19589 Harris and liarris 1956). Whilst the formation 
of other serum proteins, such as albuain,by such tissues as 
the liver has often been followed both in vivO and in vitro, 
the formation of gamma globulin in vitro has received less 
attention. 
Aakonas, ilumpkirey and Porter (1956) studied the rate of 
12. 
incorporation of a labelled amino acid into the different 
fractions of protein which could be extracted from the 
incubated tissues. They found that after three to four 
hours of incubation in a medium of flank's solution supple-
mented with the hydrolysis products of serum, slices of 
spleen, bone marrow and lymph nodes had incorporated the 
label at different rates into fractions of gamma globulin 
which could be separated from each other both eleotrophoreti-
cally and chromatographically. They interpreted their 
results as an indication that these three lymphoid tissues 
formed different types of gamma globulin, and thus in the 
immunized animal, different types of antibody. 
Thorbecke (1960) approached the problem of in vitro 
formation of gamma globulin using an ant iglobulin antiserum 
to detect the presence of globulin which had taken up 
labelled amino acid from the medium. She found that over a 
period of one to eight hours of incubation gamma globulin 
formation ooulcl be detected in minced lymph nodes, spleen, 
bone marrow, lung, appendix and thymus tissues from non-
immunized adult rabbits. She was not able to detect the 
formation of gamma globulin by the tissues of newly born 
rabbits. When the rabbits were one week old small amounts 
of gamma globulin were apparently formed by the appØndix, but 
gamma globulin formation by spleen and thymus could not be 
detected until the rabbits were three weeks of age. These 
findings were paralleled by the development of plasma cells 
in the respective organs. 
Table 1. ieview of literature on the culture of tissues from immunized animals 
IF" asues 1st or 2nd Method of Method of Duration Amount Authors 	Animals cultured antigen 	Medium culturing measuring of antibody contact tissue antibody culture formed 
Rabbits Ludke Spleen lot G. Pigs BM U. typhi Hunk A. + 
Parker 	Rabbits Spleen 1st 	30%GP RBC hab. S. T II Agg.• 4 d. + 
Fagraeus Rabbits Spleen 2nd S. typhi 
50% 
Babe. T H Agg. 1-2 d. 	 + 
Roberta Rate Spleen lot or 2nd Rat serum H H. lyain 3-12 hr. 	+ et al. L14 Sheep RBC 
Keuning Rabbits Spleen 2nd + 25% Raba. et al. + var. Paratyphoid T + "LII" H Ag. 24 hr. 	 + 
vaccine 
Ranney Rabbits Spleen 2nd 
+ 
T + C14 a.a. 
Spec. 
et al. Liver pneumo- H ppt. 4 hr. 	 + 
cocci 
Mountain 	Rabbits Spleen let & C2,11d 10% Raba. 	H 	Agg. 	3 d. 	 + 
Stavitzky Rabbits  Spleen 	2nd 	5-20% serum 	
400 ug-gm 




Anker Rabbits Spleen 
2nd 
BSA 
5 - 50% 





Spleen 	2nd + 
LN, lung,OA, PP 
PS + a.a. 
(C14) 
Hunk Spec. ppt. 4 hrs. 8 nig/gin/hr. 
etc. 
Keston 








ppt. 10 Ijis. + a.a. 
McKenna 
at al. Rabbits 
Spleen 
LN 
let & 2nd 
BA, BGG Serum + a.a. H + Suap. H. agg. 3 d. + 
PE 
1ichae1ides Rabbits 1,N 1st & 2nd 
Diphtheria 
25% 
Rab. S. + H. ag. 26 a. + 
toxoid a.a. 
Vaughan 
et al. Rabbits u pleen 
2nd 
OA 
15% Raba. 14 
+ aa. 	(c 	) Suap. 
Spec. 24 hr. 390 ug/gm ppt. 
La Via 
et al. Rats Spleen 
let 
S. __ 
30 - 50% 
Rate + a.a. Hunk Ag. 3 d. 	 + 
Gr a bar 
et a].. Chickens Spleen S. typhi 
50% CS + 
Hank's H Ag. +  8 4. 
Larre1 
et al. G. Pig 
BI let 
Goat RBC + 
GPS + 
PS H H.lysina5d. 
Salle 




PS 5ua Pptin. 3 d. 	 - p-I 
Roberta 	Rabbits PE 	 let 	Eab. a. + Suap. 	Agg. 	3 d. 	 - cells 	S. typhi PS 




BM - bone narrow 
- lymph node 
PE - peritoneal 
exudate cells 
GP - guinea pig 
RBC - red blood cell 
H. cyanix - haemo- 
cyazi in 
H —Hunk 
S - serum 
PS - physiological 
saline 
aa - amino acid medium 
pp - pneumococcus 
polysaccharide 
BSA - bovine serum 
albumin 
OA 	- ovalbumin 
BGG 	- bovine gamma 
globulin 
H. agg. 	- llaemagglutination 






3. The formation of antibody in vitro 
The literature on the experimental evidence of the 
capacity of lymphoid tissues to form antibody in vitro will 
be reviewed historically, while attempts will be made to 
emphasize and compare the method of immunization, the nature 
of the immune response, the composition of the medium 
employed, the duration of culture and the amount of antibody 
formed in this time. Table 1 represents a summary of the 
reviewed literature. 
a. The formation of antibodies in vitro by tissues from 
immunized animals 
In 1912 Ludke (see Parker 1937) immunized rabbits and 
guinea pigs with killed typhoid bacilli and incubated 
fragments of spleen and bone marrow in vitro. Agglutinating 
antibodies were detected in the culture fluids, but only in 
those cases where the tissues were removed for culture 2 - 5 
days after the injection of antigen. Parker (1937) obtained 
the same results using rabbits which had been immunized with 
washed guinea pig erythrocytes. He incubated fragments of 
spleen in a medium consisting of 30% homologous or autologous 
serum in Tyrode 'a solution, and found that agglutinins to 
guinea pig erythrocytes could be detected in titres of 1i320 
after four days of culture, but only if the spleen was removed 
for culturing 2 - 3 lays after immunization. If the tissue 
was removed for culturing 1 24 hours after immunization no 
17. 
agglutinins could be detected in the culture fluids, neither 
could such tissues be induced to form agglutinins when 
cultured in medium containing serum obtained from a rabbit 
3 days after immunization. Parker thought that this 
indicated that the production of antibodies in vitro was 
dependent on some cellular reaction which only occurred 
under in vivo conditions and which was not mediated by 
extrinsic factors in the serum. 
arkor also found that different amounts of agglutinins 
were formed in media containing different sera, which could 
be an indication of the growth-inhibitory effects of some 
sera, but unfortunately he does not indicate of what deriva-
tion these sera are. In all his cultures the cells showed 
signs of good survival but he found no marked proliferation 
of any one cell type. 
agraeu (1947, 1948) obtained similar results to Ludke 
and to Parker. She cultured aplenic tissue, from rabbits 
which had been immunized with killed Salmonella typhi, in 
clots of rabbit plasma and rabbit placental extract • The 
medium consisted of 50% rabbit serum in Tyrode 'a solution, 
which contained more glucose than normal. She extended 
Parker's results by showing that the level to which the 
antibody titre rose, after 24 hours of incubation, was 
dependent on the proportions of different plasma cell types 
in the spleen at the time of its removal from the rabbit. 
More antibody was formed by the plasma cell-containing red 
18. 
pulp of the spleen than by the lymphocyte-containing white 
Pulp. Antibody titres of t -iO culture fluids increased 
considerably above those of the extracted but unincubated 
tissue, the highest titres being reached at the time after 
antigen injection when the cell population of the spleen was 
composed predominately of immature plasma cells. This 
timing parallels the results which Fagraeus obtained in vivo 
in a secondary type of iinnnme response. In passage culture 
experiments Fagraeus showed that the rate of synthesis of 
antibody in vitro only increased when the culture was set up 
with spleen containing mainly immature transitional plasma 
cells. Cultures started with tissues containing immature 
plasma cells or mature plasma cells only formed high titres 
of antibody in the first passage. 
Fagraeue found that the spleen was the tissue which 
formed the greatest amount of antibody in vitro, liver, bone 
marrow, thymus and lymph node tissue forming relatively 
small amounts. 
Roberts, Adam and White (1949) immunized rats with 
washed sheep red cells by intravenous or intraporitoneal 
injection. When spleen and lymph node tissue was removed 
at varying intervals afterwards and incubated in rat serum 
for thee or twelve house, they found that the spleen formed 
more attibody per gram of tissue than lymph node tissue after 
intravenous immunization, and the lymph node tissue formed 
relatively more antibody after intraperitoneal immunization. 
19. 
Keuning and van der Slikke (1950) studied the relative 
amounts of antibody formed in vitro by the red and the white 
pulp of spleen from rabbits which had been repetitively 
immunized with paratyphoid B vaccine. They found that 
after 20 hours of incubation in do Haan's fluid (artificial 
a8citie fluid produced by injecting saline intraperitoneally 
into rabbits, removing the fluid after a few hours and 
adding glucose), antibody could be detected in the media of 
cultures of both red and white pulp of spleen. In a medium 
consisting of 25% rabbit serum in Tyrode' a solution, red pulp 
formed ten times as much antibody as in de daan's fluid and 
white pulp formed three times as much. They suggest that 
the reason why they were able to detect the formation of 
antibody by the white pulp of spleen, whereas Fagraeus (1948) 
could not, lay in the more intensive course of immunization 
to which their rabbits were subjected. Keuning and van der 
Siikke (1950) also cultured suspensions of spleen calls which 
had been separated into fractions containing large and small 
cells by slow centrifugation. Antibody could be detected in 
extracts of both sizes of cells but antibody was only formed 
in vitro by the larger cells. These cells were found to 
have abundant cytoplasmic RNA and in general fitted the 
description of immature plasma cells. 
Thorbecke and Keuning (1953) cultured fragments of 
liver, thymus, bone marrow, lymph nodes and the red pulp of 
spleen from rabbits which had been immunized with paratyphoid 
20. 
B vaccine. The tissues were cultured for 24 hours in a 
medium composed of various concentrations of serum in 
Tyrode's solution, with added Amparon (a papain liydrolyaato 
of casein). They found that only occasionally could very 
small amounts of antibody be detected in the culture fluids 
of thymus fragments, while bone marrow sometimes formed 
considerable amounts of antibody after subcutaneous and 
intravenous immunization. Lymph node tissues formed very 
little antibody after intravenous immunization, but 
considerably more after subcutaneous immunization of the 
donor. Spleen tissue always formed considerable amounts of 
antibody, but liver tissue never formed antibody, unless 
prior splenectomy had taken place (Thorbecke and Keuning 
1956). 
Raimey and London (1951) measured the uptake of a radio 
isotopically-labelled amino acid into newly formed antibody. 
Spleen and liver were removed from rabbits which had received 
several injections of formalin killed pneumococcal bacteria. 
Slices of tissue were incubated for four hours in a physio-
logical saline solution with added labelled glycins. Their 
preliminary results indicated that both spleen and liver in 
this case are capable of synthesising antibody, as measured 
by the amount of radioactivity specifically precipitated by 
antigen from the supernatant culture fluids. 
Mountain (1955) determined some of the conditions 
necessary for the formation of antibody in vitro. She 
cultured fragments of spleen from rabbits which had been 
immunized with S. typhi vaccine and followed the primary or 
secondary response in vitro. The medium consisted of 
Jarle's saline and 10% rabbit serum. When the spleen was 
removed four days after immunization, antibody was detectable 
in the culture fluids for three days but the amount formed 
each day decreased over this time. The formation of anti-
body was completely suppressed by respiratory poisons or by 
replacing the gaseous phase with nitrogen. Enzyme 
inhibitors and cortisone when added to the culture medium 
also suppressed antibody formation. Since it is generally 
agreed that plasma cells are responsible for antibody 
formation (Fagrasus 1948) and it is known that cortisone 
causes dissolution of lymphocytic cells it is hard to say 
what role the cortisone is playing in inhibiting antibody 
formation. Mountain also found that various amounts of 
glucose or other sugars, purines, pyrimidinea, amino acids or 
embryo extract did not increase the amount of antibody 
produced in vitro in her system. 
tavitsky (1955), Stavitsicy and Wolfe (1958), Wolfe and 
Stavitaky (1958) introduced the use of amino acid and Vitamin 
containing media, supplemented with serum, for following the 
secondary immune response in vitro. spleen and lymph node 
fragments from rabbits immunized with diphtheria toxoid were 
cultured in these media, containing 5 20% of autologous, 
homologous or heterologous sera, for 21 24 hours. Anti- 
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toxin levels were determined by haezaagglutination techniques, 
using cells coated with the diphtheria toxoid, or by quanti-
tative precipitation. Although Wolfe and Stavitzky (1958) 
state themselves that the hasmagglutination test gives 
variable results with the same sample of serum tested with 
cells prepared &ttlifferent times, they observe an 8 10 
times increase,beyond that of unincubated tisaue,in antibody 
protein in vitro, and in one case the inoroasfi is 68 times. 
They found that twice as much antibody was formed in vitro 
when the amino acid concentration was doubled, although 
tripling the amino acid concentration had an inhibitory 
effect on the amount of antibody formed. The various amino 
acid media VIaiC3I they used, V614 9 W medium and medium 1999 
differed little in their capacities to support in vitro 
antibody synthesis, while the results obtained when different 
sera were used did not show conclusively that any one serum 
was better than any other, although it did appear that 
beterologous serum was not inhibitory to the formation of 
antibody. The actual amount of antibody formed in vitro 
was about a tenth of that formed on transfer of immunized 
cells to an irradiated animal. 
Steiner and Anker (1956) devised a method of culturing 
spleen cell suspensions, rather than fragments of tissue, 
which resulted in tissues from immunized tissues forming an 
amount of antibody which was very close to that formed after 
the transfer of cells in vivo. A suspension of spleen cells 
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from rabbits, which had received two injections of ISA, was 
placed on a cellophane membrane in a special culture vessel. 
A large volume of the same medium as that in which the 
spleen cells were suspended was kept stirred under the 
cellophane membrane. This medium was composed of Tiowell's, 
Eagle's or 199 medium with varying amOUflt8 of added rabbit 
serum. The amount of antibody in the fluids collected from 
the upper part of the culture vessel was estimated quantita-
tively after varying intervals, and was found to increase 
over the first 48 hours of incubation, but remained constant 
after that. The total amount of antibody formed by the 
spleen ranged from 3 37 mg of antibody per spleen and this 
can be compared very favourably with 4.5 mg of antibody per 
spleen formed on transfer to other rabbits (Taliaferro and 
Talmage 1955). Steiner and Anker (195) found that the beet 
results, in terms of the amount of antibody formed and the 
histological resemblance of the spleen cells to those in a 
normal spleen, was obtained when Eagle's medium with 50% 
rabbit serum was employed. After 48 hours both antibody 
production and the histological state of the cells began to 
alter and after five days of incubation many large mononuclear 
cells began to appear. They never observed any mitoses and 
as cell death is not mentioned it is not clear how these 
mononuclear cells arise or whether their appearance is 
connected with the decline in antibody production or vice 
versa. 
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Askonas and White (1956) and Askonas and Humphrey (1958 
a & b) have measured the uptake of labelled amino acids into 
various tissues incubated in vitro for three to four hours. 
The tissues were either taken from guinea pigs immunized by 
an injection of ovalbuniin in Yreund's adjuvant (Askonas and 
White 1956), or rabbits which had been hyporimmunized with 
Pneumococcus type III polysaccharide and were incubated in a 
medium consisting of an isotonic salt solution containing 
labelled amino acids and the hydrolysis products of plasma 
proteins. Askonas and White showed that labelled antibody 
could be detected in the culture fluids containing fraisnts 
of spleen, bone marrow and lymph nodes, particularly those 
nodes furthest away from the site of injection of the Freund.'s 
adjuvant. Antibody formation was not detected when fragments 
of liver, lung, thymus, placenta, or of the granuloma at the 
site of the adjuvant injection were incubated. They found, 
as did 1?agraeus (1948),  that the amount of antibody formed by 
the tissue was proportional to the numbers of immature plasma 
cells which the tissue contained. Askon.as and Humphrey 
(1958  b) showed that antibody was formed by lung tissue, 
perfused with medium, if the lung was removed from intra-
venously injected, hyperinununized rabbits. As in the case 
of the guinea pigs investigated by Askonas and White (1956) 9  
antibody formation only increased for the first two hours of 
incubation, but the amount formed, 3 ni per gm of tissue per 
hour, for these two 'iours compares very well with the figures 
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obtained by Steiner and Anker (1956) even although the rate 
of antibody formation may decrease with time. 
Keaton and Katohen (1956) have also followed the uptake 
of isotopically labelled amino acids into the antibody formed 
by various tissues incubated in vitro for ten hours. The 
tissues were removed from rabbits which had been immunized 
with bovine or human gamma globulin and were incubated in a 
medium of Kreb's Ringer solution to which a few labelled 
amino acids including C14 glycine had been added. They 
developed a technique which eliminates from the results any 
errors due to non-'specific co-precipitation of the label, 
and they found that the rate of incorporation of label into 
antibody is the same for spleen tissue as for lymph node 
tissue. Lung and liver tissue incorporated relatively 
little label into the antibody, but they suggest that because 
of the large volume within the body of these tissues, they 
may play an important role in the body in antibody formation. 
McKenna and Stevens (1957), Stevens and McKenna (1958) 
and McKenna and Stevens (1960) followed primary and secondary 
types of immune responses to ISA and IGG by spleen tissue 
from rabbits which had received one or two injections of alum 
precipitated protein. Fragments of spleen were incubated on 
pieces of gauze in a medium consisting of a modified form of 
Trowell's medium, or medium 199, either with or without added 
heterologous or autologous serum. They found that by 
injecting the donors of the spleen tissue with bacterial 
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end.otoxin from Salmonella typhosa before injecting the 
antigen, they could measure the formation of antibody 
vitro by tissues removed from the donor for culturing only 
two hours after the antigen injection. iAcKenna and Stevens 
(1960) modified the situation still further and by culturing 
suspensions of spleen tissue and peritoneal exudate cells 
removed from rabbits which had received an injection of the 
endotoxin on the previous day, they were able to detect the 
formation of very small amounts of antibody after the 
antigen had been added to the tissue in vitro. The titres 
of antibody which they obtained were however very low and 
the haemagglutination test which they used is known to be 
affected by many non-specific factors, as was pointed out by 
Wolfe and Stavitaky (1958). It would be of great interest 
to repeat these experiments, particularly as Stevens and 
McKenna (1958) point out that many of the oases in which 
antibody formation has been demonstrated in vitro involve 
tissues which have been removed from animals which have been 
immunized with bacteria (Parker 1937, Fagraeus 1948, 
Thorbecke and Leuning 1954 and 19569 Ranney and London 19519 
Mountain 19559 La Via, Uriu and Ferguson (1960). These 
antigens would thus contain their own endotoxins which may 
act by stimulating antibody formation non-specifically* 
The use of Freund's adjuvant in vivo to effectively immunize 
animals (Dresser 1960) may be an example of a similar 
phenomenon, since the adjuvant contains killed bacteria. 
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Micb.aelides (1957) cultured fragments of lymph node from 
rabbits which had been immunized with diphtheria toxoid, in a 
medium composed of 25% rabbit serum in Eagle's medium. She 
also found that the conditions of culture in her system were 
so favourable for antibody production that she was able to 
out down the time after the second injection, before the 
tissue was removed for culturing, to A hours. She finally 
obtained the formation of antibody, invery small amounts, 
after the antigen had been added to the tissue in vitro. 
She was able to detect antibody formation for some considerable 
time, but the titres were very low and the antibody was 
detected with the unreliable haeinagglutination teat. 
Consequently not much weight is placed on these findings, in 
particular the long duration for which antibody production 
was followed. 
Vaughan, Dutton, Dutton, George and Marsten (1960)  have 
measured the amount of antibody formed in vitro in a 
secondary response to ovalbumin. Spleen cell suapensiona 
from immunized rabbits were incubated in a mediunicf 15% 
rabbit serum in Eagle's medium for 24 hours. At that time 
they found that 4a/I-)of the cells took up a vital stain and 
were presumably dead. The amount of labelled amino acid 
incorporated into the antibody and the titres of haemagglu-
tinating antibodies showed that an average of 390  ug of 
antibody per gram of spleen tissue had been formed.. This 
result is of the same order as that of Stavitaky and Wolfe 
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(1958) who obtained 400 ug of antibody per gram of spleen 
alter 24 hours of incubation, although Stavitsky and Wolfe 
cultured. fragments of tissue, rather than cell suspensions. 
Vaughan at al. repeated the finding of kagraeus that spleens 
removed, alter two days of culture formed antibody at an 
increasing rate while tiauea removed at three clays after 
immunization formed antibody at a steady rate. 
La Via, Ilriu and Ferguson (1960) have followed the 
primary response of rats to Salmonella typhi i in vitro. 
Fragaents of spleen removed at various times after immuniza-
tion were cultured for two to three days in Eagle's medium 
with 30 50% rat serum. Antibody was formed for two to 
three days by spleens removed two to three days after the 
injection of the S. typhi. The uptake of C labelled 
glycine into specifically precipitable material (antibody) 
and the presence of agglutinins demonstrated the presence of 
antibody after the period of culture. 
Grabar and Corvazier (1960) incubated spleen and lymph 
node tissues from adult chickens and rabbits which had been 
immunized with Salmonella paratyphi L The fragments of 
tissue were imbedded in agar and a medium of 50% serum in 
Hank's solution was employed. Antibodies were detected in 
tue culture fluids for 7 - 8 days when tissues were cultured 
wuich had been removed from chickens 2 - 3 days after the 
injection of the antigen. They relate the amount of anti-
body formed and the time it takes to reach this titre to the 
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amount of cellular proliferation in the spleen at the time of 
its removal. J.iey report that the evolution of the cell 
types in vitro i the same as that whicn occurs in vivo 
during a primary repponse, as do La Via, LJriu and Ferguson 
(1960). 
b. ihe formation of antibodies in vitro by tissues from 
uiiimiuni zed animals 
All the experiments described up to now involve 
following a primary or secondary immune response in vitro of 
tissues removed from animals known to be capable of giving 
an immune response in vivo. With the exception of 
Iichaelides (1957) and McKenna and Stevens (1960) there are 
very few experiments in which both the successful initiation 
and the maintenance of an immune response in vitro have been 
reported. Carrel and Ingebrigaten (1912) first reported a 
successful experiment of this type. Washed goat red blood 
cells were added to cultures of fragments of guinea pig bone 
marrow and lymph node in plasma clots. Four days later 
haemolyains were first detected in extracts of the cultured 
fragments, and these reached a peak titre after five days of 
culture. They found that the appearance of these haexnolysins 
was preceded by the phagocytosis of the red blood cells. The 
activity of these cul.,ure extracts was destroyed by heating to 
560C and regained vken fresh complement was added to the 
extracts. 
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Salle and bloOzie (1937) were unable to repeat these 
results either using cells obtained. from 12 14 day chick 
embryos, or when spleen cells from adult chickens were used. 
The antigenic material used with the embryonic chicken 
tissue was rabbit serum and in view of subsequent findings 
on the immunological maturity of chickens (see BillinVJ28a t  
Brent and Medawar 1955)  the absence of antibodies after 
culture is not surprising. 
Selma r (1944) also failed to demonstrate the foiation 
of antibodies in vitro when Brucella abortus was added to 
fragments of 19 day embryonic chick spleen in plasma clots. 
Roberts (1955) obtained a suspension of peritoneal 
exudate cells whicu consisted. of 80 - 95% macrophages, from 
rabbits. These cells were mixed with S. typhi a14 then 
incubated in plasma clots in a medium of liark's solution and 
homologous serum. Agglutinins were not detected in the 
culture fluids nor in the extracted tissues after culture, 
nor were they detected in the serum of rabbits into which 
such cells were injected. The failure to detect antibody 
in Cue recipient rabbits could be explained by the fact that 
the recipient rabbits were not irradiated and the injected 
cells might have been destroyed by the homograft reaction. 
Roberts' conclusion, tat macrophages are not themselves 
capable of fonning antibody, although they may act to render 
particulate antigens soluble (see Sabin 1939),  has been borne 
out by the results of experiments of Fishman (1959). He 
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found that rat lymph node cells formed antibody to haemo 
cyanin and T2 bacteriophage in vitro and that antibody could 
not be detected in the culture fluids unless the antigens 
were first mixed with a suspension of rat macrophages. 
After half an hour of incubation of the macrophages with the 
antigen the cells were ground up and the supernatant added 
to the lymphocytes suspended in Trowell's medium. After 
5 11 days of incubation, phage neutralizing antibodies or 
haemagglutinating antibodies to the haeinocyanin could be 
detected in the culture fluids. These results can be 
interpreted as evidence to support the view that macrophages 
act to solubilize particulate antigens. The role which the 
macrophages play in the case of the haemocyanin is hard to 
decide. 
Summary 
Any summary of these experiments in which lymphoid 
tissue is cultured or the formation of gamma globulin or 
antibody in vitro is measured, is hampered by variations in 
the systems used. Tissues have been cultured from animals 
such as rats, rabbits, guinea pigs and chickens which have 
been immunized against a variety of bacterial and soluble 
protein antigens 	When tissues from immunized animals are 
cultured the methods used to detect the presence of antibodies 
in the culture fluids, or the extracted tissues, vary and the 
titres of antibody are not always convertible into a quanti 
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tative value so that comparisons cannot always be made of 
the relative success of different methods of culture. The 
way in which the tissues are cultured varies from fragments 
Of tissue to cell suspensions elaborately supported on 
cellophane membranes, while the media in which the fragments 
of tissue or cell suspensions are cultured ranges from simple 
salt solutions, supplemented with serum, to complex synthetic 
media such as 1tgle' a medium. 
It becomes apparent in these experiments that as far as 
antibody production is concerned, with appropriate methods of 
immunization, the use of soluble antigens is as successful as 
the use of bacterial antigens. The use of diphtheria toxoid 
by Stavitaky (1955) and by Stavitsky and Wolfe (1958), BSA by 
Steiner and AIIkeP (1956) and by McKenna and Stevens (1957), 
ovalbumin by Askonas and White (1956) and by Vaughan et a].. 
(1960) in an alum precipitated form or in Freund's adjuvant 
has resulted in the formation of amounts of antibody which 
closely approximate to the amount which is formed after the 
transfer of cells in ylvo. As McKenna and Stevens (1958) 
point out, on the basis of their results with bacterial 
endotoxins, bacteria], antigens probably contain their own 
inbuilt adjuvants, which accounts for the production of 
antibody by tissues from animals immunized with bacteria. 
The evidence as to whether more antibody is formed when 
tissues are cultured as fragments or cell suspensions is 
equivocal. It is clear however that the composition of the 
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medium plays an important role in antibody formation. This 
is shown by Sta'vitsky and Wolfe (1958) and Vaughan it al. 
(1960) who both found when using a synthetic medium that an 
optimal concentration of amino acids existed, at which most 
antibody was formed. Above this concentration, antibody 
formation could be inhibited. Serum has been found to be 
an essential component of the medium, in general the greater 
the concentration of this the better is the state of the 
antibody forming cells and hence of the amount of antibody 
formed (Steiner and Anker 1956). The evidence as to whether 
the use of autologous, homologous or heterologous serum is 
preferable is also equivocal. Carrel and Ebeling (1922) 
found that the use of heterologous serum inhibited the change 
of cells to a fibroblastic type which occurred when autologous 
serum was used. Stevens and McKenna (1958) find that the use 
of autologous serum results in the formation of greater 
amounts of antibody, while Wolfe and Stavitsky find, that the 
use of heterologous serum is not inhibitory and may even be 
stimulatory to antibody synthesis in ViO. 
The overall lack of success in maintaining lymphoid 
tissue from normal or immunized animals in a viable and 
functioning state for any length of time could be attributed 
to several factors: 
I. The inadequacy of the conditions of culture through 
the lack of, or dilution of, some essential 
metabolite. 
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The lack of, or dilution of, some essential growth 
promoting or controlling factor such as a hormone. 
The breaking of some essential cellular juxta- 
position or balance of cellular juxtapositions. 
In the experiments to be described here attempts have 
been made to investigate the first and third of these factors 
in particular, through measuring the effect of using media of 
different compositions and of culturing the cells in different 
physical states. 
This lack of success in maintaining the lymphoid cells 
in a functional state for any length of time in vitro might 
give the impression that nothing has been learnt about the 
process of antibody formation or the interrelationships of 
the cells of the lymphoid. series. This is by no insane the 
case for it has been fouxid,f or examplethat the synthesis of 
antibody and gamma globulin occurs at the same rate in vitro 
as the synthesis of any of the liver proteins in vitro (Marsh 
and Drabkin 1958). Transfer experiments of Harris, Harris 
and Farber (1954) suggested that in following a primary or a 
secondary response a period of 2 3 clays had to elapse after 
antigen injection before the transfer of cells from the 
animal resulted in the formation of antibody. The same  
observation has been made in vitro by Parker (1937) 9 Pagraeus 
(1948), Steiner and Anker (1956) and Vaughan at al. (1960), 
Grabar and Corv!azier (1960) and isa Via at a].. (1960). 
Fagxaeus (1948),  Vaughan at al. (1960) and Grabar and 
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Corvazier (1960) found that tissues removed two days after 
iiwaunization formed antibody at a greater rate in vitro than 
tissues removed three days after immunization. 
Some idea of the developmental potentialities of the 
different cell types has been gained (Bloom 1927, Maxiao'v 
1927, hall and ?u.rth 1938, Troweli 1949, 1952 and  1935). 
In tissues from immunized animals, the nature of the 
cellular changes which occur in vivo, such as the predominant 
role of the plasma cells, has been confirmed in vitro by 
Fagraeus (1948),  and La Via, Urlu and Ferguson (1960) and 
the findings of Roberts (1955) and Fishman (1960) have 
revived interest in the possibility that, especially in the 
case of particulate antigens, the production of antibody may 
be a two-cell event. 
The culture of antibody tissue in vitro obviously has 
an immensely interesting future and if the past work had 
done nothing else, it has certainly pointed out the unique 
and baffling nature of the immune response. 
Materials and Methods 
Animals 
Female mice of the CBA strain were used throughout the 
experiments both as donors Of the Spleen cells and as 
recipients of the tissue cultured spleen cells. 
Outbred mice, kindly donated by Dr. N. Bateman of the 
Animal Breeding Research Organization, Roslin, were used as 
a source of serum for tissue culture media and to prepare an 
antiserum to bovine gamma globulin (BGG). 
Rabbits were also used to prepare an antiserum to EGG. 
Tissue culture techniques 
1. Preparation of the glassware 
Glassware was rinsed with cold water after use and then 
soaked overnight in chromic aoid.m  After several rinses with 
water, the glassware was soaked for a few hours. A further 
twelve rinses with tap water were followed with one of de-
mineralized water (to remove inorganic ions) and one of 
distilled water (to remove organic matter). The glassware 
was then dried in an oven at 70 0C. 
The surface of all culture vessels and graduated centri-
fuge tubes was coated with a silicone layer from time to time. 
This was applied at the suggestion of Dr. Paul Terasaki, in 
This method of cleaning glassware is that used in the 
Zoology Department, Edinburgh. 
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an attempt to hinder monocytic cells in the spleen cell 
suspensions from sticking to the glass. The silicone layer 
was applied by filling the vessels with "Repelcote' tm , draining 
them and allowing them to dry. Six rinses of tap water and 
one each of demineralized and distilled water followed, and 
the glassware was then dried. 
2. Sterilization procedures 
All glassware was dry-heat sterilized at 16000  for two 
hours. Wherever possible the vessels were closed, with 
silicone rubber bungs or metal caps with silicone rubber 
liners. (Silicone rubber is unaffected at temperatures of 
160°C.) The mouths of graduated centrifuge tubes were 
covered with aluminium foil. Instruments and the stainless 
steel sieves used for preparing the spleen cell suspensions 
were also dry-heat sterilized. 
Protein.eontaining constituents of the media were passed 
through an asbestos "Steriinat" fitted in a positive pressure, 
silver plated filter. 	The filter was fitted into a 
collecting bottle and the whole apparatus was sterilized by 
autoolaving for half an hour at 15 lbs./square inch pressure. 
Non-protein-containing constituents of the media were 
autoclaved for half an hour at 10 lbs./square inch pressure. 
' Silicone "Repe]cote", liopkin and Williams, Ltd., Chadwell 
kieath. 
RM Griffin and George, Ltd., "Uhlenhuth" 525.775 filter. 
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This procedure was employed even if the solution contained 
sodium bicarbonate, since it was found that if the vessels 
were tightly stoppered the bicarbonate group was not affected 
by the temperatures and pressures reached in the autoclave. 
This was judged by the fact that a solution of bicarbonate 
treated in this way atlU possessed the capacity to change 
the colour of the phenol red. in Hank's solution. 
3. Constituents of the media 
as Sera. Sheep blood was obtained from the Edinburgh 
Slaughter House. Rats were bled by cardiac puncture under 
anaesthesia, and outbred mice by slitting the throat 
immediately after cervical dislocation. Sera were prepared 
in the usual way and complement was destroyed by maintaining 
the sera at 56°C for half an hour. 
b. Physiological saline solutions. The basic physio-
logical saline solution used in these experiments was Hank's 
solution. For all counting and diluting procedures this was 
used with added lactalbwnin hydrolysate (Flank's: IAI). This 
was made up in the Hank's solution as a 0.5% solution and 
with added serum constituted the medium in many cases. 
Lactalbumin hydrolysate is prepared from milk—whey by enzyme 
hydrolysis, the exact procedure varying from firm to firm. 
The product prepared by Nutritional Biochemical Chemicals 
Company, Cleveland, was used here. Kagawa, Kaneko, Takaoake 
and Katsuta (1960) have analysed this preparation of Lki and 
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they find that it is composed of a mixture of peptides and free 
amino acids, most of the essential amino acids being in the 
free state. Thorbecke and Keuning (1953)9 Phillips and 
Thrryberry (1957), Weiss (1959)9 Neuman and Tytell (1960) 9  
Kagawa et al. (1960) and Michi (1961) have all found that the 
use of lactalbumin hydrolysate increases the rate of growth 
or cell survival when added to a basic saline solution 
containing added serum. 
Calcium and magnesium free saline (Mo800na 1953) was 
used to make up a 0.2% solution of the chelating agent, 
versene (ethylene d.iamine tetracetic acid). 
a. Amino acid and vitamin solutions. Medium 199 (Morgan, 
Morton and Parker 1950) which consists of a solution of amino 
acids and vitamin in hank's solution was used in some experi-
ments. Eagle's medium (Eagle 1955) was also used in some 
experiments. 
4. Setting up the cultures 
Spleens were obtained from adult mice which were killed 
by cervical dislocation. The mice were pinned out on a 
freshly scrubbed dissecting board and the abdominal surface 
was liberally swabbed with a 2% solution of iodine in 70% 
alcohol. The skin of the abdomen was reflected from a 
median incision of the abdomen, to leave the area around the 
spleen free from fur. The peritoneal wall was then opened 
with a different pair of forceps and scissors, the spleen 
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was removed, and then transferred to a small volume of 
medium. After two rinses in small volumes of the culture 
medium, the spleen was transferred to 2 5 ml of medium in 
the middle of a small stainless steel sieve. The sieve had 
a mesh of 80 holes/in. The spleen was then cut into several 
pieces with scissors and these were then gently pushed 
through the sieve with the rounded and of a sterilized 
centrifuge tube. The resulting spleen cell suspension was 
then drawn in and out of a fine Pasteur pipette, which was 
held against the Petrie dish in which the sieve was standing. 
This procedure broke up the larger clumps of cells which had 
been forced through the sieve. A further small amount of 
medium was passed through the sieve to remove any cells still 
adhering to the meshes. The cell suspension, which by 
microscopic examination was virtually a single cell 
suspension, was then collected in a graduated centrifuge tube 
and aliquots were dispensed into the culture vessels. 
In some experiments the spleens were cultured as small 
hunks, approximately 1 2 mm3. These were prepared using 
one scalpel blade to anchor the tissue and another to out it. 
These cultures have been designated "hunk?' cultures, whilst 
the cultures Bet up with a cell suspension have been called 
"suspension" cultures. The latter type of culture is not a 
conventional form of suspension culture, since the cells are 
not kept in suspension but allowed to settle out. It must 
be remembered that the terms apply to the status of the 
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spleen at the time of setting up the culture. 
The culture vessels used were either Sanders roller 
tubes or 8 oz. Pyrex babies' feeding bottles. The former 
were used when cell numbers and the histology of the cells 
were followed, and the latter when cells were grown in 
larger quantities for injection into recipient animals. In 
both cases the ratio of cells inoculated, to the volume of 
medium used was the same. Three to four ml of medium were 
used in the roller tubes, and 30 40 ml in the babies' 
bottles. 
Both types of culture vessel could either be rotated or 
held in a stationary position. Preliminary experiments had 
shown that the same results could be obtained with both 
methods of culture. The smaller surface area presented by 
the stationary vessels was found to be more practicable when 
it came to harvesting the cells, so all culture vessels were 
incubated in a stationary position at 370C ±. 10C. 
5. 1arvesting the spleen cells from the cultures 
Serum and calcium and magnesium ions are known to play 
roles in the adhesion of one cell to another and cells to 
the substrate (see reviews by Rinaldini 1958 and Weiss 1960). 
Trypein can be used to digest the protein around the cells, 
and versene, a chelating agent, to bind the calcium and 
magnesIum ions. Both these methods have been used to 
produce cell suspensions of cultured cells (inaidini 1959). 
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Weiss (1958 and 1959)9 Magee, Srieek and Sagik (1958) and 
Levine (190) have found that harvesting cells with solutions 
of trypein results in significant losses of protein from 
within or around the cells. This lose of protein from the 
strains of cells which they were using did not however result 
in a decrease in the viability of the cells, nor in a 
decreased capacity for subsequent growth. Lymphoid cells 
have been found to be very sensitive to lack of serum around 
them (N.0. Jacobson, personal communication). Because of 
this it was decided not to employ trypain in the routine 
harvesting of the spleen cells, since even a small loss of 
protein from these cells might result in a large decrease in 
viability. 
A 0.2% solution of vereene in calcium and magnesium free 
saline was used to detach spleen cells from the siliconized 
surfaces of the culture vessels. Three *1 of this solution 
was added to the roller tubes and 10 ml to the babies' 
bottles, after the medium containing any non-adherent cells 
had been decanted into centrifuge tubes. The vessels were 
then incubated at 37 0C for 15 - 20 mine, and after vigorous 
shaking the fluid was then added to the rest of the culture 
fluid. The larger numbers of cells which had been grown in 
babies' bottles were collected and resuspended. in Lsnk'ss ILL 
after centrifugation at r.c.f. 350  g for 10 mins. A sample 
of the cell suspension was diluted and counted in a b.aemo-
cytometer in the usual way. The collected culture fluids 
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from the roller tubes were made up to a known volume in the 
centrifuge tubes with Hank's LII. Celia in this suspension 
were then counted in a haemooytometer (500 1000 cells were 
counted each time) and the total number of cells was then 
calculated. 
6. Estimation of the viability of the cultured spleen cells 
itie viability of cells can be measured by using 
solutions of various dyes. It has been assumed that the 
entry of some of these dyes into the cells is the consequence 
of alterations in the permeability of the plasma membrane 
associated with cell death. Viable cells are not stained 
in these cases. The accuracy of such methods of measuring 
the viability of the cells is questionable and will be 
discussed later. The use of this method does ja'ovide a 
rapid but rough estimation of the physiological state of the 
cells. 
Solutions of erytb.rosin B, trypan blue and nigrosin in 
dank's: II solution have been used. Erythrosin has been 
used by Phillips and Perryberry (1957) and Holmberg (1961) 9  
nigrosin has been used by Kaltenbach, Kaltenbach and Lyons 
(1959) and Holmberg (1961) and trypan blue has been used by 
Pappenheimer (1917), I*idford (1933)9 kioekins, Meynell and 
Sanders (1956) and Holmberg (1961). The strength of the 
solutions varies from 0.2% to 0.5%. The dye solutions were 
added to suspensions of cells in Hank'ss 1ãL 9 containing a 
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known number of cells. The number of cells taking up the 
dye was then rapidly counted in a haemocytometer. From this 
figure the number of "dead" cells was calculated. 
7. kliatological preparations 
Smears or dabs of the out ends of whole organs were 
prepared on alcohol cleaned slides and fixed immediately in 
methyl alcohol. Smears of the harvested tissue cultured 
cells did not make satisfactory stained preparations. 
Better preparations were obtained if strips of cover slips 
mm wide were placed in the culture vessels on the side on 
which the vessels were resting. The cells in the culture 
fluids settled on the cover slips and they could then be 
fixed by placing the cover slip in methyl alcohol immediatelyo 
The slides or cover slips were stained with (iemaa stain or a 
combination of Gleasa with MV-Grunwald (see Sandoz Atlas of 
Haematology 1952). 
S. Irradiation of the recipient mice 
Prior to the injection of tissue cultured or spleen 
cells which had not been cultured, the recipient mice were 
given a lethal or sublethal dose of irradiation. 
Irradiation was carried out on mice contained in a 
round plastic box of 10 cm diameter. Batches of 5 8 mice 
were enclosed at any one time. The distance between a point 
1.5 cm above the floor of the box (the middle of the Body of 
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a mouse) and the X-ray source was 29.5 cm. Tile irradiation 
was delivered at 5 mA and 140 kV and with 3 mm aluminium 
filters and the plastic lid of the box the dose rate was 
63 r/min. £)oeea of 500 r, 600 r or 950 i were given to the 
mice. 950 r was found to be 100% lethal to 15 female mice 
of 2 - 4 months of age. 
Injaetion of cultured cells into irradiated recipients 
The cultured cells, harvested and counted as described 
in method 5, were suspended in a volume of Hank'ss LI such 
that the required number of cells was injected in a volume 
not exceeding 0.3 ml. The required number of cells was then 
injected into a lateral tail vein of the irradiated recipient 
mouse. Warming the tail of the mouse in hot water (50 - 60 °C) 
prior to injection facilitated the sighting and the entry of 
the syringe needle into the rein. 
Control mice were injected in the same way but with non. 
cultured spleen cells, which were prepared by pushing spleens 
through a stainless steel sieve into Hank's: Ld, with the 
rounded end of a centrifuge tube. 
Challenge of the recipient mice 
The control mice and those which received the tissue 
cultured spleen cells, were injected intrapritoneally at 
various times after receiving the cells, with a challenging 
dose of 2 mgm of EGG. In some cases this was 131I-iGG 9 in 
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which case the animals were bled every two days, otherwise 
they were bled at longer intervals for serum samples. 
Immunization procedures 
Antigen 
Bovine gamma globulin (BGG), prepared by etnol 
fractionation of bovine plasma by Armour and Company (Cohn, 
Strong, dughes, Mulford, Ashworth, Melin and Taylor 1946; 
Onoley, Maim, Richert, Cameron and Gross 1949), was used as 
the antigen throughout the experiments. 
Immunization of the mice 
It has been shown by Dresser (1960) that OBA mice can 
be successfully immunized against a soluble protein antigen 
by an injection of the antigen in Freund' a adjuvant (Freund 
and Bonanto 1946). Such an adjuvant is prepared by mixing 
2 ml of liquid paraffin, containing 4 in/m1 of heat-killed, 
dried and powdered Mycobacterium tuberculosis with 1 ml of 
crill KiSm  and 2 ml of a 10% of IGG in 0.9% sodium ci1oride 
(saline). This mixture is converted to a water-in-oil 
emulsion by squirting in and out through a syringe, until a 
drop of the mixture does not spread when placed on the 
surface of water. 
0.2 ml of the adjuvant was injected subcutaneously into 
Obtained from Messrs. Croda, Ltd., Goole, Yorks. The 
substance is mainly an oleic acid ester of sorbitol. 
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four sites (0.05 ml at each site) giving a total of 8 mgm of 
protein to each mouse. 
One to two weeks prior to the removal of the spleens 
for culturing in vitro the mice were given a booster dose of 
2 mgm of BGG injected intraperitoneally. 
3. Elimination of tas radio..activeLy labelled antigen from 
the circulation 
al'nage, Dixon, Bukantz and Dammin (1951)  have developed 
a method of measuring the immune response by following the 
elimination of a serum protein antigen during the immune 
response, as an alternative to following the rise in titre of 
serum antibodies. They used a radio-actively labelled 
antigen and by removing samples of blood at intervals 
measured the decrease in the amount of label, and hence of 
the antigen, in the circulation' Dresser (1960) has used 
this technique to follow the immune responses of mice to 
soluble serum protein antigens. 
a. Trace-1abellin the aritigp With 1311. The method 
of labelling the antigen with the isotope Is a modification, 
developed by Dresser (1960) of the technique used by Francis, 
Mulligan and *ormall (1951). 
The 1311 was obtained, in the form of carrier-free iodide 
in sterilized phosphate buffer (p11 7.0) from the Radiochemical 
Centre, Amersham. Three millicuries was found to label 
200 ingm of BGG to a readily detectable level. This iodide 
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(oat. No. 1B82) contains variable amounts of aodJ.wt thio' 
sulphate which reduces to iodide any carrier iodine added to 
the radio-active sample in the process of labelling. As 
this reaction lowers the efficiency of the labelling 
procedure, the following technique was adopted. 
20 mg of iodine were dissolved in 50 ml of 0.005 M KI 
to form a solution of carrier iodine. (Dresser (1960) 
used 0.01 M XI and this represents a further modification 
of his technique.) 1.3 ml of this solution was added to 
6.7 ml of 09% saline in a colorimeter tube to form a 
colour standard containing sufficient free iodine to give 
a ratio of one molecule of iodine to three molecules of 
3GG. 
Another 1.3 al of the solution of iodine in II was added 
to the radio-active solution and this was then pipetted 
into sufficient saline in a colorimeter tube to make the 
volume up to 7 nil. The amount of free iodine in this 
solution was adjusted to the same value as that of the 
standard colour solution in an EJL1 colorimeter by 
adding dropwise more of the carrier solution of iodine 
in XI. The fins], volume in the colorimeter tube was 
adjusted to 8.0 ml with 0.9%  saline. 
200 ag of DOG were dissolved in 0.9% saline and the 
volume made up to 1.1 ml with saline. One al of a 25% 
solution of 0.88 ammonia, v/v, was added to the protein 
31 
lvans leetro..ae1eniuni, Ltd. 
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solution to give a pkl of 10.5 11.0 in the final 
solution. 
4. The 8 ml of the radio-.active iodine aolution,prepared 
in stage 2,was then added drop by drop to the 12 ml of 
the protein solution prepared in stage 3, with 
continuous stirring. This mixture was allowed to 
stand for 20 - 40 minutes at room temperature and was 
then dialysed at 4C for 48 hours ajainet several 
changes of 0.9% saline. 
The efficiency of this labelling process can be oalcu. 
lated by removing small samples from the solution, with a 
calibrated mioropipette, before and after dialysis. The 
amount of radio-activity in each sample is then read in 
scintillation counter and the amount of label not removed by 
dialysis expressed as a percentage of the total activity 
before dialysis. The amount of label which remains on the 
antigen after dialysis is found to be between 10 and 20% of 
the original amount, depending on the amount of contaminating 
thiosuiphate in the original sample. .Lhe theoretical 
mwrfaal labelling efficiency is 50% (only 1 atom of each 
iodine molecule could become attached to a tyrosine molecule 
of the 30 because of the chemistry of the process (see text 
figure). 
50. 
K1 + Na thiosulpbate 	 (IRS 2 from Amerskiam) 
Add. 	12 in very dilute 	 (Carrier solution) 
If enough 12 added, get 
K127/131I + ha/31I + 1271131i 
In proteins 
127/1 311 + 	- 	a 10 	H127"1311 + 
0 to ii 
- 
e actual labelling eicienoy of the process is one 
third of the maximum (10 20% of 50%)  and instead of one 
atom of iodine to every molecule of BGG there is one atom of 
iodine to every two or three molecules of EGG. MacFarlane 
(1956) finds that this level of iodination causes no 
detectable antigenie change in the protein. (The reaction 
could proceed further to give di.iodotyrosins BGG and the 
antigenicity of this substance has been found to differ from 
that of uniodinatect GG.) 
b. Measurement of the elimination of 1311 BGG from the 
mouse. Dresser (1960) has found that the injection of 2 ag 
of BGG into CBA mice after a prior injection of BGG in 
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Freund's adjuvant induced a typical secondary immune response. 
This dose of 1311 labelled DOG was given in an intraperitoneal 
injection at the required time of challenge. The mice were 
then bled at two day intervals from a cut in the ventral tail 
artery and 0.05 ml of blood was taken up in an automatic 
pipette. The blood sample was then placed on a dished nickel 
plated steel plaziohette in two drops of a solution composed of 
a saturated solution of polyvinyl alcohol in 15% ethanol and 
85% teepol. This solution wet the surface of the planehette 
and gave an even film of blood. The pipette was then rinsed 
successively in a dilute detergent solution, water and a 5% 
solution of sodium citrate, before being used for the next 
sample. 
At the end of the experimental period all the planchettes 
were read for a standard length of time using a Geiger-MLüler 
tube with a thin—end window and the readings were corrected 
for background. 
4. Measurement of the titre of haemaggJutinating antibodies 
There are various methods of measuring the rise in the 
amount of circulating antibody in the serum of an animal. 
Fixation of complement, precipitation of soluble antigens and 
agglutination of particulate antigens are the three basic 
techniques. Keogh, North and Warburton (1918) found that 
many bacteria possess a substance, which has been analysed iv 
as a polysaccharide, which is spontaneously adsorbed onto 4F~D 
ZD 
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erythrocytes and these are then agglutinated by an antiserum 
prepared against the bacteria. 
The technique of haeivaggiutination bag been evolved 
from this knowledge. In this test the surface of red blood 
coils is modified in such a way (with formalin or tannic acid 
treatment) that protein solutions are adsorbed onto the 
stabilized surfaces of the red. cells (Boyden 1950, 19599 
Stavitaky 1954, McKenna 1957 and Ingraham 1958). These 
cells can then be used to titrate antibody in serum samples. 
The methods of Boyden and Stavitaky, in which the 
surface of the red cell is pretreated with tannic acid, have 
the disadvantage that the cells must be prepared fre*k every 
few days. The method devised by Ingraham (1958)  in which 
the surface of the red cells is stabilized by formalin 
treatment has been used here with certain modifications. 
a. Preparation of the antigen coated cells. 
1. thim&r group 0 erythrocytes' which had been drawn into 
acid-citrate—dextrose solution were washed four times 
with phosphate buffered dextrose saline. (PBDS is a 
solution of 0.9%  sodium chloride and 0.5% dextrose in 
0.005 U Sorensen's buffer pH 7.2 - 7.3 (Na2IIPO4 + 
The cells were finally suspended as a 50% solution in 
EDS and cooled. to 40C. 
Obtained from the Blood Transfusion Centre, Royal Infirmary, 
dinburgh. 
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This suspension was poured into four volumes of a 10% 
solution of reagent-grade Zormalin in 0.9% saline v/v 
at 40Q,  The red cell suspension was therefore at a 
concentration of 10%.  This suspension was stored at 
4C for 10 days and resuspended once a day by agitating 
the flask. 
After 10 days the cells were coated with SGG by treat-
ment of the cells with a solution of that protein in 
the presence of formalin. 0.5 ml of a 10% solution of 
BGG in P1DB was added to every 10 ml of cell suspension 
together with 2 ml of 0.5 U Ucllvaine's phosphate 
citrate buffer at pH 6 (hale 196U). This mixture was 
kept in suspension for three days at room temperature 
using a mechanical stirrer • Excess RGG was removed 
from the cell suspension by washing several times in 
larger volumes of P1DB with centrifugation. 
b. Laemaglutination test. Prior to setting up the 
test the stored cells were resuspended and the required 
volume removed. This volume was washed and centrifuged 
eight times with large volumes or P1DB and the cells were 
left overnight at £C in a similar volume of PBDS. After a 
further two washes with P1DB the cells were resuspended as a 
0.25% suspension in P1DB containing 1% normal rabbit serum. 
The samples of sera to be tested and the control 
samples of antisera prepared by hyperimmunizing rabbits and 
outbred mice With Freund's adjuvant containing 1GG and one 
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or two further injections of BGG, were serially diluted 
5-fold in PBDS. A volume of the protein-coated cell 
suspension equal to that of the diluted serum sample was 
added to each tube. The tubes were then covered and left 
overnight at room temperature. The pattern of agglutination 
was read the following day with the aid of a concave mirror. 
5. The detection of serum antibodies with €e1-diffusion tests 
The anti gen.elirnination test is based on the presence in 
the serum of antibodies which cause the removal of the soluble 
antigen from the circulation (Talmage, Dixon, Sukantz and 
Dammin 1951). At the and of some of the experiments 
involving the elimination of labelled BGG the presence of 
precipitating antibodies in the serum was tested for using 
the double diffusion technique of Ouchtorlony (19490 1953). 
A 11% solution of agar containing 0.01% merthiolate and 0.06% 
orange G (Wilson and Pringle 1956) was made up, and clarified 
by the method of Feinberg (1956). Fifteen ml of the 
liquefied agar was poured into chromic-clean Petrie dishes. 
After the agar had set wells were cut in a standard pattern 
with cork borers and the disc of agar lifted out. 
3eru.ia samples collected from mice 12 or 14 days after 
the injection of the labelled antigen were placed in the 
peripheral wells and a 1% solution of BGG in the central 
well • All wells were kept filled for 48 hours when the 
remaining solutions were removed, and the wells washed with 
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several rinses of 0.9% saline. The gel plates were then 
photographed using dark ground illumination to give maxim= 
contrast to the lines of precipitation- 
F. 	antitative measurement of the amount of circulating 
antibody 
In order to create a reference point for any variations 
in the curves of antigen elimination obtained in the experi-
ments, the amount of antibody present in the serum in terms 
of ug of antibody protein present was estimated. 
Specific antisera, prepared in outbred mice or rabbits, 
were tested for their equivalence points of the precipitation 
reaction (Cabat and Moyer 1948). Nitrogen estimations were 
then carried out on tubes containing the dilution of antigen, 
In terms of ug antigen protein, at which the equivalence 
point occurred (see IJmbreit, Bwris and Stauffer 1957). 
Table 2. Incubation of cultured cells with 0.2% solution of versene for 
different lengths of time 
CD 
5 mine. after set—up 2 hours culture 2 hours culture ii  
No versene 5 mine. with 20 mine. with r 0.2% 'vereene 0.2% versene tj 
r Number of cells 	 7.64 7.91 
x 	 735 
IC 
7.43 
Number of cells 
as percentage 	 100% 	 102.8% 	 99.2% 
of izioculum 
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1. The effectiveness of different durations of versene 
treatment in removing cells adhering to glass 
The reasons for using a solution or versene, in 
preference to a trypsin solution, for removing cells 
adhering to the sides of the culture vessels have been out-
lined in the section on Materials and Methods. 
A roller tube culture was set up with aLtquots of 
spleen cells, using a medium composed of 10% sheep serum in 
kI&ik& LL. The number of cells in sample culture vessels 
was counted in a haemocytometer as soon as the culture had 
been set up and the rest of the culture vessels were 
incubated, at 570C for two hours. At this time, the medium 
in the tubes which had been incubated was decanted into 
other marked roller tubes and 5 4 ml of a 0.2% solution of 
versene was added to the original culture vessel, which was 
then incubated for a further 5 or 20 minutes. The contents 
of the tubes which had been re-incubated were then vigorously 
shaken and added to the original culture medium. The number 
of cells in the combined culture fluids was then counted in a 
haemooytometer. This figure was expressed as a percentage 
of the number of cells in the original inoculum. The 
results are presented in Table 2. 
It can be seen that either 5 or 20 minutes of versene 
treatment yields virtually the same number of cells as was 
contained in the original inoculum. It was thought that 
after longer periods of culture the cells might adhere more 
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firmly to the sides of the culture vessel and so the longer 
treatment with the versene solution was used throughout the 
experiments. This possibility could not be investigated 
because, as will be seen in later experiments, cells the 
after longer periods of incubation, and any estimation of 
total cell numbers of cells after treatment with versene 
could not make allowance for the cells which had died since 
the culture had been set up. 
2. Estimations of the numbers of viable cells in normal 
spleen cell suspensions and su&penai.gns treated with 
versene or heat 
The total number of cells in a spleen cell suspension 
in kink's; i1 was counted in a haemocytometer. A small 
volume of this suspension was then mixed with a volume of 
one of the viability stains which was being used to investi-
gate the number of dead cells. These were nigrosin, trypan 
blue and erythrosin, made up in Hank's: 14 as described in 
Materials and Methods. The number of cells which took up 
the dye was then. counted. A similar volume of cell suspen-
sion was incubated with 0.2 ml of a 0.2% solution of versene 
for 20 mins. at 370C and the numbers of cells which then took 
up the dye were counted. Another portion of the spleen cell 
suspension was heated in a water bath for half an hour at 
49.5°C. This temperature was found by Dillingham, Brent and 
Medawar (1956) to destroy the capacity of blood to induce 
Table 3. Estimations of numbers of dead cells in spleen cell suspensions 
using various viability stains 
0.5% Nigrosin 0.2% Erythrosin 	0.5% Trypan blue 
% dead cells in 
untreated spleen 	 8.03 4.0 	20.3 22.79 17.4 23.76 15.93 20.2 
cell suspensions 
% dead cells after 
incubation 20 mine. 	10.17 8.4 	25.8 19.88 28.9 50.1 15.80 26.6 
with 0.2% rersene 
% dead cells after 
heating cell suspension 	46% 	 74.8% 	 82.2% 
49.5°C half an hour 
Ui 
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tolerance and maintenance of the cells at this temperature 
was presumed to have killed the cells. The number of cells 
which took up the dye after this treatment was again caloulai' 
ted.. All the estimations of the numbers of cells taking up 
the dye were then expressed as percentages of the total 
number of cells in the suspension. The results are 
presented in Table 3. 
It can be seen that each dye gives a different estimate 
of the number of dead cells in an untreated spleen cell 
suspension. With all three dyes there is a slight increase 
in the numbers of dead cells in the suspensions which have 
been treated with versene. A further point of interest is 
that while all dyes show a greatly increased number of dead 
cells in the suspensions which have been heated to 49.5°C, 
none of the dyes show that all the cells nave immediately 
been killed by this treatment. The significance of this 
finding will be discussed later in this part of the thesis 
and in Part II. 
3. Measurement of the total numbers of cells and the 
Lumbers of dead cells in spleen cell suspensions 
cultured in different media 
Cultures were set up with suspensions of spleen cells 
using media of varying compositions. After varying 
intervals the cells were harvested with versene and the 
total number of cells and the number of cells taking up 
Figure 1. Numbers of cells in media conainin lO, or 2O sheep serum 
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Figure 2. 	umbers of cells cultured in a medium containing 10 sheep 
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iitre . Cell nuLthers and estiuiited cell viabi1ij after 
culture in different media. 
A - 10, sheer serum in Hank's-:L11. Erythrosin. 
B - 30.. sheer serum in Hank's:LH. Nigrosin. 
C - 	mouse serum in lTiank's:LH. Ni'rosin. 
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solutions of nigosin or erythrosin 3 were counted. The 
results are presented in figures 1 9 2, and 3, these being 
results which are typical of all the media investigated. 
It can be seen that in none of the cases illustrated, 
and hence in none of the cases investigated, was there a 
significant increase in cell numbers over the periods of 
culture. The same pattern of maintenance of cell numbers 
is shown when different numbers of cells are inoculated 
(compare figures 1 and 3). In all the media investigated 
the pattern of the increase in numbers of dead cells was the 
same over the periods for which it was investigated. 
4. Measurement of the immune responses or mice to bovine 
gamma globulin 
a. Haemagglutination. CBA mice were given an 
injection of NGG in Freund's adjuvant as described in the 
section on Materials and Methods, and they were bled for 
serum samples every two or three days over a period of a 
month. On the eighth, fifteenth and twenty-'eighth day 
after the last bleeding groups of these mice were injected 
with 2 mg of BGG intraperitoneally and they were then bled 
again for serum samples over the subsequent three weeks. 
At this time all the serum samples were titrated for antibody 
using the haemagglutination technique described in the 
previous section. 
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The immune response obtained after the injection of the 3G( 
in Freund's adjuvant follows the pattern of a typical primary 
immune response, since antibody is not detected in appreciable 
titres until nine days after the injection of antigen. Some 
idea of the variability of the response can be gained from 
the range of titres which are presented with the mean figures. 
The titres of the three groups immediately before re-injection 
with antigen are lower 28 days after the last bleeding than 
they are eight days after. In all three cases the injection 
of antigen for the second time stimulates an increased 
production of antibody which starts between three and four 
days after the antigen injection. This response shows the 
characters of a typical secondary response. 
b. E1izL.iation of 1.311  BGG. 	Dresser (1960) found that 
the injoction of Freund' s adjuvant made up without BGG 
solution, four days before the injection of 1311 WG resulted 
in a trpical primary response. In order to follow a primary 
response with the 1311 labelled antigen, mice of three and 
five months of age were injected sbcutaneoualy with 'reund's 
adjuvant which had been made up with 0.9% saline instead of 
the protein solution. Immediately afterwards the mice were 
injected With 2 mg of the labelled BGG intraperitoneally. 
Blood samples were collected every two days  and the amount of 
radioaotivity in each sample read at tie end of the experiment. 
Six weeks after this injection of freund' a adjuvant and 
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peritoneally and they were again bled for serum samples every 
two days. The curves of elimination of this injection and 
of the injection of BGG immediately after I?reund' a adjuvant 
are shown in figures 5 and 6. 
There is again a clearcut difference in the form of the 
immune responses to the first and second injections of 
antigen. it is of interest to note that the response to the 
injection of adjuvant, followed by 1 I-BGG 9 is greater in 
the mice which are five months of age at injection than those 
which are three months of age. The response of the mice 
first injected at three months of age to a second injection 
of BOG is greater than that of the mice first injected at 
five months of age. The sign Lficance of this will be 
discussed. 
5. The effect of irradiating the host mice prior to cell 
transfer 
The reasons for giving host mice doses of radiation 
prior to transferring cells have been outlined in the General 
Introduction. It was first necessary to determine which 
dose of X-radiation given to the host mice, eiabied the 
transferred cells from immunized animals to exhibit the 
largest immune response. 
Twenty million spleen cells from mice which had received 
a second injection of BOG two weeks previously, were injected 
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irradiation, 500 r or 950 r. One month later the recipient 
mice were injected with 2 mg of BGG and samples of blood were 
collected every two or three days. The titres of haemagglu-
tinating antibodies were determined at the end of the experi-
mental period, and are shown in figure 7. 
Twenty-five million spleen cells from mice which had 
received a second injection of BGG 18 days  previously were 
injected intravenously into groups of mice which had received 
the same radiation treatments. 	wenty-eigkit days later the 
mice were challenged with 2 mg of 	and samples of 
blood were collected every two days. The curves of antigen 
elimination are shown in figure S. 
It can be seen that using either method of measuring the 
immune response, larger responses are shown by those groups 
of mice which had been irradiated than those which had not 
been irradiated and that the response is greater when a dose 
of 950 r was given to the recipient mice than when a dose of 
500 r was given to the mice. 
The results of these last two experiments have shown 
thaG immune responses can be measured satisfactorily by the 
haemagglutination test or by following the elimination of 
labelled antigen from the circulation. A disadvantage of 
the kiaozuagglutination test lies in the fact that, when the 
same antiserum is tested with cells which have been washed 
and prepared far use at different times, varying titres of 
antibody are obtained. The test is also influenced by the 
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unavoidable occurrence of the odd agglutination tube which 
has not responded as xe].l  as other tubes to the process of 
chromic cleaning. Since these factors cannot be absolutely 
controlled or predicted, it was decided not to use this test 
to measure the immune response in subsequent exp.ria.nts. 
The elimination of 1311  BGG has therefore been used in all 
the experiments to be described, to measure the immune 
response. It has been supplemented by the use of the gel 
diffusion test when it was of interest to demonstrate the 
presence of antibodies in serum samples. 
6. Measurement of variations in the immune respon ses of mice 
It was expected that the injection of celle,which had 
been cultured In vitro, into irradiated animals might result 
in variations of the subsequent immune responses of the 
recipient mice when challenged with antigen. In order to 
categorize the3e variations, or any variations in the immune 
response of the control groups, reference curves were 
constructed, firstly by injecting different numbers of spleen 
cells from immunized animals and secondly by injecting 
different amounts of a specific antiserum into groups of mice 
which had Just", ree3ived their first injection of antigen. 
In the latter ce immune responses of varying degrees of 
magnitude were simulated. 
a. he injection of different numbers of cells. Inocula 
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had received two injections of EGG, the first in Freund's 
adjuvant and the second one two weeks previously, were 
injected into groups of CBA mice which had received a dose 
of 950 r. Two weeks later they were challenged with 131,BQ(. 
Only the mean rates of antigen elimination are presented in 
figure 9, since there is considerable overlap in the responses 
of eaca group of mice. 
b. The injection of different aLounts. of antiserum. An 
antiscrum to BGGX was prepared in outbred mice, which were 
injected, with Freund's adjuvant containing BGG and two months 
later they were challenged with 2 mg of 	The lines of 
precipitation obtained when this antiserum was run in a gel 
diffusion plate are shown in figure 10. The amount of 
specific antibody in the antiserum was determined using 
£jeldahl's nitrogen estimation method, as described in the 
section on Materials and Methods. 
Mice which had received no previous treatment were 
injected with 2 mg of labelled BGG and immediately after each 
bleeding on each subsequent second day, different amounts of 
antiserum were injected into groups of the mice. 112, 56 9  
23 9  14 and 7 ug of antibody protein were injected intra' 
pritonaa1ly into the different groups. The elimination 
curves of the antigen are shown in figure 11. 
A comparison of figures 9 and 11 siows that the injection 
of 40 x 106 spleen cells from immunized animals results in the 
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40110b 
 spleen cells from immunized donors. 
Second injection of BOG given at different intervals prior 
to cell transfer. 
Vertic1 hatching - Injected with BOG 1 week before. 
Horizontal hatching - Injedted with BOG 2 weeks before. 
Dots - Injected with BOG 4 weeks before. 
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producing about 112 ug of antibody protein every two days or 
450 ug before the antigen disappears from the circulation. 
Because of the similarity of the two families of curves both 
methods of measuring the immune response are shown in Table 4 
where the categories of immune response have been listed. 
Table 4 
Category Rate of elimination approximately equivalent to:- 
1 40 x 106 cells or 112 ug/2 d. 
2 20 x 106 cells or 	56 ug/2 d. 
3 10 x 106 cells or 	28 ug/2 d. 
4 5 x 10 cells or 	14 ug/2 d- 
5 21 x 106 cells or 	7 ug/2 d. 
7. Tue effect of varying the time between the second injection 
of antigen and the removal of the - spleen - for transfer 
CIA mice were killed one, two and four weeks after 
receiving a second injection of IGO. 40 x 
10  spleen cells 
were injected intravenously into mice which had received a dose 
of 950 r. 1 1wo weeks later the mice were injected with 2 mg of 
1311 BGG and the elimination of the antigen was followed. The 
results are presented in figure 12. 
It can be seen that there is only a slight difference in 
the immune responses of cells removed for transfer from one to 
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Table 5. Immune responses of mice injected at different ages, 
arid laving different time gaps between successive 
injections of antigen, and the last injection of 
antigen and cell transfer to irradiated recipients 
No 
of Age at inj. Gap between Gap between 
Host age Response:ug 
expt. 'rBU'SZB F:BGG&BGG BGG&transZr injction antibody/2 days 
1 21 mo. 4 mo. 17 d.. 5 mo. 56 - 112 
2 5 mo. 2 mo. 13 d. 2 - 21 mo. 112 
3 2 	- 31 mo. 3 mo. No transfer - 112 
4 4 	—5 mo. 3mo. 8d. 3mo. 23-112 
3 4 	- 5 mo. 3 mo. No transfer - 112 
6 6 mo. 4zno. 28d. 4-5mo. 7- 14 
7 1 	-2 mo. 4mo. 21d. 2-3moo 14- 28 
8 1 	-2 mo. kmo. No transfer 14- 28 
9 2-3mo. 2mo. 15d. 3mo. 7 
10 4 mo. 7 mo. 31 ci. 3 mo. 14 - 	 28 
11 3 mo. 5 weeks No transfer - 28 - 112 
12 5 mo. 6 weeks No transfer - 7 - 	 28 
four weeks after the second injection of 3GG. When the rates of 
antigen elimination in figure 12 is compared with the rate of 
elimination shown by an inoculum of 40 x 10 cells in figure 9 
it can be seen that those of the former groups are considerably 
slower than that seen in figure 90 No reason could be found 
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Horizontal hatching - 4 hour culture. 
Dots - 24 hour culture. 
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apparently anomalous result could be carried out • It was 
taougkt that the result might be a measure of the different 
ages at which the mice were first immunized.; the time gap 
between the injection of the antigen in Freund's adjuvant and 
the challenging injection of antigen; the time between this 
challenging injection and the transfer of cells or the age of 
the recipient mice at the time of irradiation or finally a 
combination of all these factors. Table 5 was compiled to 
list all such available data. The relevance of this anomalous 
result and the data in the table will be discussed. 
S. The effect of culturing spleen cells for different 
lengths of time in the same medium 
Spleen cells from mice which had received a challenging 
injection of BGG one to two weeks previously were cultured 
either as hunks, or as a spleen cell suspension, in a medium 
composed. of 10% sheep serum in Iiaxik'si LU. After four hours 
or one day of culture the cells were harvested and injected 
intravenously into mice which had received a dose of 
radiation of 950 r. Two weeks later the recipient mice were 
challenged with an injection  of 2 mg of 131  IGG and the 
elimination of the antigen was followed. 
The ranges of responses for the mice which received 
cells which had been cultured as a suspension are shorn in 
figures 13, 14, and 15. Figure 16 presents the responses 
of mice which had received cells which had been cultured as 
rujj Ic 	te reciiU 	- 	 lit 
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hunks. Figures 17 and 18 show the photographed gel plates on 
which sera from representative groups of mice was run against 
a 1% solution of BGG. 
From the graphs it can be seen that there is a tendency 
for the mice which have received the cells cultured for 
longer periods of time to show a smaller immune response than 
the recipients of cells which have been cultured for a shorter 
time. In the photographs of the gel plates it can be seen 
that the recipients of cells which have been cultured for 
four hours as hunks show different lines of precipitation to 
those shown in the sera of recipients of cells which have 
been cultured as hunks for one day. 
9. The effect of culturing cells for the same length of time 
in different media 
Spleen cells from mice which had received a second 
injection of BOG one to two weeks previously were cultured 
for one or two days in media of different composition and 
after harvesting the cells were injected into mice which had 
received a dose of 950  r of X-radiation. The recipient 
mice were challenged two weeks later with 2 mg of labelled lOG 
and the elimination of the antigen was followed. The curves 
of elimination were classified by reference to the curves 
obtained in experiment 6 and shown in figure 11 • The 
category of the response, the viability of the cells at the 
time of harvesting, the exact duration of culture and the 
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Table 6. The immune responses of mice receiving spleen cells 
cultured for the same length of time in different media 
No. 	 Duration 	No. of ug Ai/2d ug AB/2d, of Medium 	Suap. or dead  control on expt. controls expt. 	 Hunk 	Table 5 	animals 
1 10% SS:ilzIJl 1 d 30% 1 7 28 56 	112 
Suep. 
2 2 7-14112 
3 " 2 7-112112 
4 2 d Susp. 60% 2 7 14 112 
5 fl id Hunk 1 728 56-112 
6 2d Hunk - 7 7 14- 	28 
7 id Susp. 30% 
rima 
3) 14 (112) 
8 Suep. 28% 3 28-56 112 
9 in clot 1 d Hunk - 7 14 - 56 14 - 	28 
10 10% SS:Eagle's 1  - 7 14- 	28  7 
11 30% SS:199;H:14 id SueJ) 	& - 6 7-14 7- 	14 
Hunk 
12 10% EsH:I id Suap 
rimm 
3) - 14 (112) 
13 20% MS:H;IkZ 
id 6 7-14 7- 	14 S1.Lsp. 
14 0 5% BSAzFI:I 
id 
Suap. - 8 7-28 14- 	28 
15 10% SSzH:I&I 
2 d. 
Susp. 58% 8 7 - 28 14 - 	28 
16 10% SSsH:üI 35  ml 1 d Suap. 30% 10 7 - 28 14 - 	28 
17 10% SS:U:LkI 	5 ml 1 d Suep. - 10 7 - 14 14 - 	28 
25 - sheep serum PHA 	- phytohaemaglutinin 
MS - mouse serum BSA - bovine serum albumin 
RS - rat serum H:LH - Hank's z lactalbuinin hydrolysate 
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composition of the medium employed are all shown in Table 6. 
Figure 19 shows gel plate of rat, mouse and sheep sera* 
It can be seen from Table 6 in experiments 1 9 2 and 3 
that the recipients of cells which have been cultured for 
one day, as a cell suspension, in a medium of 10% sheep serum 
in Hank's; LU, show a very varied immune response. The same 
variations also exist in the responses of the control group 
of mice, some of which show very poor immune responses. 
These variations will be discussed later. The only conclusions 
which can be drawn from the results listed in Table 6 are that 
in some cases the responses of the recipients of tissue 
cultured cells are less than those of the appropriate 
controls, while in some experiments the responses of the 
recipients of tissue cultured cells appear to be as good as 
those of the control mice. 
Discussion 
The use of dyes as indicators of the physiological state of cells 
The viability of a cell might be described as its capacity 
to maintain a state of active metabolism and to undergo further 
growth by cell division. Both these criteria have in fact been 
used to measure the viable state of cells, but they have the 
disadvantage of involving lengthy procedures. Since a rapid 
method of estimating the state of viability of cells was 
required in these experiments, the oldest and most common 
method has been used. This involves the use of a class of dye 
substances which have become known as vital stains. This name 
was coined because some of the dye substances originally used 
were injected into a living animal in order to follow the 
cellular distribution of such substances as colloids. The 
term is now used to include stains such as methylene blue and 
triphenoltetrazoliuin chloride, which only show their colour 
reaction in living cells, and other stains such as trypan blue, 
eosin and nigrosin, which are reputed only to stain dead cells. 
Since the terminology is both inept and confused it has been 
decided to adopt the term viability stain to include all those 
dye substances which are only taken up by dead cells and which 
consequently can be used to estimate the viability of a. 
suspension of cells. 
In all cases the entry of these stains into cells is 
assumed to depend on permeability changes in the plasma 
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membrane which are associated with the death of the cell. 
It is known that cells of different types have changing 
per'meabillties to ions and molecules, which are dependent on 
the functional and general physiological state of the cell 
(see Ludford 1933; do Robertis, Nowinski and Saetz 19549 
Chapter 6). The whole question of the mechanism of 
permeability of cells in general is still far from being 
fully answered, and the state of the evidence on the permea-
tion of these dyes is possibly in an even greater state of 
confusion. 
Many treatments of cells, such as placing them in hypo-
tonic or hypertonic solutions (Pappenheimer 19179 Kaltenbach, 
Kaltenbach and Lyons 1958),  or in a non-protein-containing 
solution (Phillips and Perryberry 1957) or treatment of the 
cells with trypsin (Phillips and Terryberry 19579 Weiss  1958) 
have been found to increase the numbers of cells taking up 
the dye solutions, presumably by altering the permeability 
of the cells. It has also been found in experiment 2 
(Table 3) that incubation of a spleen cell suspension with 
vereene for 20 minutes results in a slight increase in the 
numbers of dead cells taking up solutions of nigrosin, 
erythrosin B or trypan blue. 
All such experiments involve the dilution or removal of 
the layer of protein around the cells, or the removal of the 
calcium ions, which are thought to play a role in cellular 
adhesion (Weiss 1960). By replacing the protein or the 
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calcium ions in the medium, the changes may be reversed. 
This has been shown to be the case by Pappenbeimer (1917), 
Weiss (1958)  and Phillips and Andrews (1958) who found that 
serum or serum fractions or serum substitutos,such as albumin 
or gelatin,reduced the numbers of cells taking up the 
viability stains or restored the capacity of the cells to 
adhere to the substrate and grow. In an experiment to be 
described in Part IX it will be shown that cells treated with 
veroene, which show a slight increase in the numbers of cells 
which take up the viability stains (see Table 3)9 in fact 
retain their full capacities to cause the graft-versus-host 
reaction in baby mice. Injecting such cells into baby mice 
seems to repair any temporary damage caused by the versene 
treatment. 
Some other treatments of cells will obviously result in 
irreversible changes in the permeability of the cell membranes. 
Pappenheimer (1917), Hoskina, Meynell and Sanders (1956) and 
Phillips and TerTyberry (1957) found that after heating cells 
to 51 53°C only a very small number of cells did not take up 
the viability stains used. I{olmberg (1961) made the same 
observation with a cell suspension which had been frozen and 
thawed. It is possible that the small numbers of cells which 
did not take up the stains died later. It is of interest 
that in experiment 2 it was found that after treatment for 
half an hour at 49.5°C, all the viability stains used indicated 
that quite a large proportion of cells were not killed by this 
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treatment (see Table 3). Even making allowances for the 
cells which may die as a result Of the treatment, after the 
estimation of viability, it is evident that not all cells 
have been killed by this heat treatment. This is in 
apparent contradiction to the findings of Billirtghm, Brent 
and Medawar (1956) and Simonsen (1957) that the capacity of 
blood to induce tolerance, or the graft-versus-host reaction, 
is destroyed at 49.506. Mitchison  (1959) finds however, 
that chickens which have been repetitively transfused with 
blood treated at this temperature, in ovo or after hatching, 
suffer from delayed anaemia and death. This late death 
could be explained as the cumulative effects of immunologi-
cally active cells which are not present in sufficient 
numbers in the first inoculum to cause demonstrable symptoms 
of tae graft•-versue.host reaction. Their action will be - 
supplemented by the subsequent weekly injections of blood 
heated to 49.50C containing small numbers of live cells. 
The fact that all the cells have not been killed by this 
treatment is also demonstrated in another experiment to be 
described in Part II, where it is found that such heated 
cells still possess the capacity to cause a small degree of 
eplenic enlargement. This will be d.ioussed more fully in 
Part II. 
Some of the findings on the treatments of cell 
suspensions which alter the permeability of the cells, 
whether reversibly or irreversibly, will also have an effect 
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on estimations of dead cells in the experiments just 
described. These are the unavoidable use of versene for 
the removal of cells adhering to the sides of the culture 
vessels and the dilution of eell suspensions for counting. 
Both these treatments have been shown, as discussed earlier, 
to increase slightly the numbers of dead. cells. Monocytic 
cells in the spleen adhere very firmly to glass and since 
the use of trypsin has been avoided, and versene treatment 
results only in a slight, temporary increase in numbers of 
dead cells, its use has been retained. Attempts have been 
made to reduce the effect of dilution of suspensions for 
counting by using Hank's: hi, since Phillips and Andrews 
(1958) found that the addition of IkI to the medium decreased 
the numbers of dead cells which were found if cells were 
suspended in ank' a solution alone. 
Even the precaution of using Hank's: LH does not prevent 
the progressive uptake of dye by all cells, which was observed 
both in these experiments and by Pappenhetiner (1917), and 
Phillips and Terryberry (1957). This is probably due to the 
cumulative effects of dilution but it adds to the general 
inaccuracies of the method and attempts were th3retore made 
to count the cells as rapidly as possible. 
It can be seen in Tables 2 and 39 that nigrosin gave 
consistently lower estimates of dead cells than erythrosizi 
or trypan blue. Since it could not be decided which 
estimation was the more accurate, both nigrosin and erythro sin 
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have been used to follow the numbers of dead cells after 
tissue culture. It can be seen in fiur• 3a, b and C that 
the BSLe pattern of cell death is revealed with both stains. 
In interpreting the significance of the numbers of dead 
cells in spleen cell suspensions, which have been tissue 
cultured., it must be remembered that, as the outcome of the 
unavoidable use of versene and of the dilution of the cell 
suspensions and the progressive uptake of the dyes, the 
numbers of dead cells probably represent overestimations of 
the real situation. At the most the use of viability stains 
can give only a rapid, comparative estimate of the conditions 
of the cells treated in different ways. Pappenheimer (1917) 
summarized the use of viable stains very aptly in stating 
that "the variations are at times disturbing and make it 
difficult to obtain coherent results". 
Sensitivity of the antigen-elimination test in measuring an 
adoptive immune response 
It has been shown by Dresser (1960), that the elimination 
of 131IBG(  from the circulation of CIA mice can be used to 
measure the immune responses of the mice. With this 
technique primary and secondary responses can be distinguished, 
provided that the first injection or SGG is given with Preund's 
adjuvant. Talmage, Dixon, Bukantz and Dsin (1951),  who 
pioneered the use of the antigen elimination technique in the 
rabbit, found that the sharp increases in the rate of antigen 
79. 
disappearance could be related to the appearance of antibody. 
At this time antibody could only be detected by the large 
amount of specific radio-activity associated with the gamma. 
globulin of the serum proteins. It was not until all the 
antigen had been eliminated from the circulation that anti-
body could be detected in the serum. Talmage et al. (1951) 
found that the actual curve of antigen elimination could be 
related to the presence of antibody in the circulation at the 
time of antigen injection. When antibody was present, there 
was an immediate sharp decrease in the amount of circulating 
labelled antigen. When no antibody was present, but the 
animal had received a prior injection of antigen, the second 
injection was not eliminated rapidly until two days after its 
injection. Talmage et el. (1951) found that the sharp 
decrease in the amount of antigen could be simulated by 
injecting specific antibody. Dresser (1961) found in mice 
that the injection of different amounts of a specific anti-
body at intervals after the injection of 	'I BGG resulted 
in a family of curves of antigen-elimination. A similar 
experiment was carried out here (see figure 11). This is 
the reference point for all the experiments described in 
Part I. The result suggests that the actual rate of 
elimination of 1311  BGG from the circulation of the mouse is 
more closely related to the amount of antibody produced by an 
eniJnA1 than Talmage et al. (1951)  found. The antigen 
elimination technique can therefore be used quantitatively. 
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In practically all the experiments which have been 
described here, the recipient mice were expected to give a 
secondary type of immune response, since the transferred 
cells had been removed from donors which were known to be 
capable of giving a secondary response. It was found 
however, that the responses of the control mice were very 
variable (see Table 5). Some animals gave immune responses 
which were very poor. This will be discussed later. The 
lower limit of the sensitivity of the antigen-elimination 
teat was taken to be the rate of elimination of the antigen 
which was shown by mice which had received no prior treatment 
with the antigen at all. This is seen in the mean rate of 
antigen-elimination marked "No cells" in figure 9. In 
comparing this with rates of elimination shown in figure 11 9  
it can be seen that the group of mice which received an 
injection of 7 ug of antibody every two days (group 5) showed 
a similar rate of antigen elimination. Such a response is 
also roughly equivalent to that shown by the recipients of 
21 x lO cells from immunized animals in figure 9 (see also 
Table 4). These rates of antigen elimination were taken to 
be the lower limit of the sensitivity of the test. 
The reference curves were constructed by both injecting 
different numbers of cells from immunized animals and 
different amounts of antiserum, since this provided a check 
that the amount of antibody formed was proportional to the 
numbers of immunologically active cells present in the 
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inoculum (see Dresser 1961). It Was also sometimes 
convenient to be able to discuss the size of an immune 
response in terms of the numbers of cells which could be 
causing the response rather than in terms of the amount of 
antibody formed. 	his point will be emphasized when the 
decreased immune response which the recipients of tissue 
cultured cells show is discussed (see Genera]. Discussion). 
The recipient mice in these experiments were irradiated 
prior to cell transfer for two reasons. The first was to 
destroy the capacity of the recipient mice to respond to any 
antigen which mirit inadvertently be carried over with the 
transferred cells. Any irninuxie response of the recipients 
would be confused with that of the transferred cells within 
the recipients (iarris and ilarris 1954; iarria, iarris, 
Beale and Smith 1954; Mitch.ison 1956, 1957; and Staviteky 
1957). Harris, tarris, Beale and Smith (1954)9 Mitchison 
(1956, 1957), Staviteky (1957) and Dixon, Weigle and Deich" 
miller (1959) found that the sublethal doses of irradiation 
which they gave to their recipients did not destroy the 
oapacit,r of the animals to exhibit a kioaograft reaction, 
although the transferred cells did show a greater immune 
response in the irradiated recipients than in the non 
irradiated recipients. Such a liomograft reaction could not 
occur in the experiments reported here since the donor and 
recipient mice are of the same inbred strain. 
The second reason for irradiating the recipient mice 
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as to create "space" within the lyaphoid tissue of the host 
in which the cells of the inocuiwn can settle. Irradiation 
of the host prior to antigen injection was shown by 
Ealiaferro and Taliaferro (1954) and Atchison (1956) to 
destroy the capacity of an animal to show an immune response 
to an injection of antigen. Dixon, Weigle and Roberts (1957) 
have shown that doses of 500 r of X-radiation to lymphoid 
cells prior to transfer to irradiated recipients completely 
destroys the capacity of the cells to show any immune response 
in the recipients. £ryukova (1959) found that increasing 
doses of irradiation progressively reduced tue amount of 
splenomegaly which tne treated spleen cells could induce in 
ebickena. It has been shown in experiment 5 (see figures 7 
and 5) that the greater immune responses are shown by the 
recipient mice which had received a dose of 950 r prior to 
the transfer of cells from immunized animals, than by those 
mice whicii only received a dose of 500 r. 	Jxie greater doses 
of irradiation seem to create more "space" in which cells can 
settle out, presumably because the higner doses of irradiation 
kill more of the lymphoid cells of the recipient mice (so. 
also Dresser 1961). 
There is little doubt that transferred cells do settle 
and continue to function in recipient mice which have been 
suitably irradiated. Mitohison (1956, 1957) and Dresser 
(1961) have shown that following the transfer of cells from 
immunized animals to irradiatód recipients, the cells retain 
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their capacity to form antibody or to exhibit a secondary 
immune response. Ford, Hanuuerton, Barnes and Loutit (1956)9 
Novell, Cole, ±abermeyer and Roan (1956) have shown that cells 
persist in the irradiated recipients, using chromosomal and 
cytological markers. Lindsley, Odell and Tauche (1956)5 
Mitchison (1956), Grabar, Courcon, Ilbery, Loutit and Merril 
(1957) and Makinodan and Anderson (1957) have demonstrated 
cell survival and function by the use of antigenic markers or 
the presence of functional products of the transplanted cells, 
in the recipient mice at different intervals after the transfer 
of the cells. Makinod.an , Gengozian and Congdon (1956), 
Mitchison (1956) and Urso and Congdon (1957) have presented 
evidence which suggests that the irradiated recipients are 
probably recolonized by the progeny of the transplanted cells. 
As well as permitting the functional survival of the trans-
planted cells the irradiated host-environment also supports 
cell division. This evidence has been discussed by Dresser 
(1961). There is also some evidence from in vitro studies 
to suggest that the irradiated environment permits, and even 
promotes the survival of tissue cultured cells (see Puck and 
Marcus (1955) and Puck, Marcus and Cieciuxa (1956). 
Since in the experiments which are reported in this 
thesis, the same time interval after the injection of the 
cells elapses before the challenge injection of antigen, only 
changes induced in the cells before the transfer of the cells 
are being measured., and compared. 
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Variations in the immune responses of the control groups 
of mice 
The immune responses of mice to a soluble protein 
antigen have not, as yet, been investigated closely on a 
time scale, in the same way as in the experiments of Wolfe 
and Dilks (1948). It was not until the later experiments 
presented in this part of the thesis were carried out, that 
it was noticed how variable the responses of the groups of 
control mice were. These controls were the mice which 
received non-cultured cells from the same pool of donors as 
were used in the in vitro experiments. These results are 
presented in Table 5. Experiments 4, 5, 7, 8, II and 12 
were carried out later on in the experimental series, and 
since the responses of the recipient mice are shown to be no 
smaller than that of the donors (compare 4 with 5 and 7 with 
8) it would suggest that the poorness of the immune response 
is not due to faulty technique in the transfer of the cells. 
The best responses of the transferred cells in the 
irradiated recipients, or the donors, are shown in experi-
ments 1 5. Of these, experiments 1 and 2 were carried 
out early on while 3, 4 and 5 were done towards the end of 
the work. Experiments 6 - 12 were all done later on and in 
all groups except for experiment 11 9 relatively poor immune 
responses are shown. 
It was suggested earlier that these results could be 
the outcome of the ages at which the mice were first 
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injected, or of the time intervals between the injection of 
antigen and the transfer of the cells. With reference to 
this first possibility, it has been shown that mice which 
are first injected with BQG in Freund's adjuvant at three 
months of age give a poorer immune response than those first 
injected at five months of age, the antigen being eliminated 
more slowly (see figure 5). If this phenomenon operates in 
general, it could be a contributory cause to the poor immune 
responses seen in experiments 7, 8 and 9 in Table 59 although 
the same factor is obviously not operative in •xperiment 3. 
Although there is a good deal of information on the 
capacity of human infants of varying ages to form antibodies, 
there has been relatively little investigation on the 
capacity of experimental animals of varying ages to form 
antibodies. Freund (1930) reports that Moll (1908)  found 
taat three week old rabbits showed lesser immune responses 
to injections  of horse serum than adult animals. Freund. 
(1930) found that rabbits less than 20 days old showed immune 
responses to injections of Salmonella typhi, sheep erythro-
cytes and horse serum which were considerably smaller than 
those of adults. Wolfe and Dilka (1948) found that chickens 
of increasing ages formed increasing amounts of antibody to 
bovine serum, and that between the fourth and fifth week of 
life the increase in the capacity to form antibodies was 
particularly striking. Although such results cannot be 
applied directly to mice, it does seem that animals of 
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different ages do show immune responses of differing 
magnitudes. 
Another possible cause of the poorer immune responses 
shown in Table 5, could be too long or too short a time gap 
between the injections of Freundt ssBGG, the challenging 
injection of BGG and the transfer of the cells to irradiated 
recipients. For example the mice whose response is shown 
in experiment 9 may be giving a poor immune response partly 
because they were young when first injected, and partly 
because the challenging injection of IGG was given too soon 
after the injection of F round's SGG. The good secondary 
response to BGG in experiment 11 does not confirm this 
suggestion, but thio response may be accounted for in another 
way which will be shown later. The mice whose response is 
shown in experiments 6 9  10 and 12 may show poor immune 
responses not because they were too young when first injected, 
but because too long a time elapsed between the injection of 
reund'asGG and the challenging injection of EGG. This is 
an apparently contradictory statement since in experiment 12 
only six weeks elapsed after the injection of Freund's 
adjuvant and BGG before the challenging injection of IGG. 
However the elimination labelled IGO injected shortly after 
Freund's adjuvant, was relatively rapid (see figure 5) and 
since the injection of BGG was made separately to the 
injection of the adjuvant, the antigen will not be issuing 
slowly and continuously from the sites of injection (Freund 
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1953). In the absence of antigen persistence the animal 
may revert to a condition where the second injection of 
antigen is treated as a primary injection (see fiire 6). 
In experiment 11 however the slower rate of antigen elimina-
tion shown in the first injection of IGG (see figure 5) may 
in this way account for the good secondary response which 
this group of mice shows, the second injection of antigen 
being made before the first was totally eliminated. In the 
cases of experiments 6 and 10 the long time gap between 
injections may permit complete exhaustion of the antigen 
from the site of injection of Freund's:BGG and the relapse 
of the state of the animal to an unstimulated state. The 
whole question of the relation of antigenic persistence to 
the subsequent production of antibody upon stimulation is 
not clear. Campbell and Garvey (1960) do mention however, 
that in humans a "booster" injection must be made within a 
certain time or else the second injection behaves as a 
primary injection. 
It is not thought that the age of the recipient mice at 
irradiation will play any significant role in the size of 
the immune response since 950 r is a lethal dose to about 
80% of mice of 3 5 months of age. 
There are possibly too few results available from the 
experiments described in this thesis to draw any conclusions 
about the best time scale to adopt in immunizing mice. In 
summary, the results presented in figure 5 confirm the 
88. 
suggestion that the younger mice give a poorer immune response 
than the older ones when first injected with 3GG in Freund's 
adjuvant. It is also suggested that other factors which may 
contribute to causing a poor imimme response may be the 
injection of the second dose of antigen too soon after the 
first when the animals are first injected when they are young, 
or the injection of the second dose of antigen after too long 
a time gap when the mice are first injected when they are older. 
One final factor which may contribute to variations in 
the sizes of the immune responses, i8 the inherent variations 
which exist between different animals in their capacity to 
show an immune response, these factors determining the size 
of that immune response. Lewis and Loomis (1928)  and 
Culbertson (1935) have found that family strains of guinea 
pigs and rabbits differ in their capacities to form antibodies. 
Freund and Opie (1936) have shown that individual a ni ma ls 
differ widely in their resistance to infection, while Stewart 
and Jones (1942) show that in a randomly selected population, 
there is a Gaussian distribution of individual antibody 
producing capacities. 
it is obvious that further experiments on the timing of 
the immunizing Lnjectiona of soluble protein antigens in mice 
are called for. In interpreting the results obtained when 
tissue cultured cells from immunized mice are injected into 
recipient mice, it must be remembered that the poor immune 
responses shown in some cases may not be this solely to the 
tissue culture. 
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A comparison of the media used 
There are two basic media in which cells or tissues can 
be cultured. In the first type of medium the cells or 
tissues are merely maintained in the state in which they 
existed within the body. In the second type of medium 
however, the growth of cells and tissues by cell division is 
initiated and in most cases this results in a concomitant 
loss of the characters of the differentiated state (see 
Wilimer, 1958, pp. 18 at se.). 
There can be little doubt that the media employed in 
the experiments which have just been reported are of the 
first type. If figures 1, 2 and 3 are compared it can be 
seen that no matter what is the composition of the medium 
employed, nor what is the sire of the original inoculuin, the 
total numbers of cells never fluctuate significantly from 
the numbers originally inoculated. There is a tendency for 
the numbers of cells to decrease towards the and of the 
culture periods, which may be accounted for by the increased 
numbers of dead cells at this time. The fact that these 
estimations of the numbers of dead cells with viability 
stains probably represent overestimations of the actual 
numbers of dead cells has already been discussed. This 
reservation does not alter the situation which exists in 
figure 3a, b and c, where, in all the media, more cells take 
up the solutions of viability stains after one day than in a 
freshly prepared spleen suspension, while even more of the 
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cells take up the stains after two days of culture. This 
cell death must obviously play a part in the decreased 
immune responses which the recipients of tissue cultured 
cells show in figures 13 16 and in Table 6 9 as compared 
with the control mice which received non-tissue cultured 
cells. Unfortunately the histological picture of cultured 
cells has not been followed as closely with cells from 
immunized animals as with cells from non-immunized animals. 
In Part II, histological evidence will be presented which 
suggests that a degree of cellular transformation OCCUrS 
after periods of culture in different media. The whole 
question of the relation of cell death and possible cell 
traxiaformation to the decreased immune responses seen in 
figures 13 16 will be discussed in the General Discussion. 
The only basis on which one can discuss the relative 
merits of the different media used for culturing the cells 
from immunized animals is therefore the closeness of the 
response of the mica receiving tissue cultured cells to that 
of the controls which received non-cultured cells from the 
same pool of donors. The variability of the responses of 
these control mice and the limits of the sensitivity of the 
antigen elimination teat in measuring adoptive immunity have 
already been discussed. 
In Table 6 1 with the exception of experiments 7 and 12 9  
there is an apparent tendency for the variability of the 
responses of the recipients of tissue cultured cells to be 
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greater when the controls show larger immune responses. 
Since the responses of the control mice in experiments 6 9 9 9  
10 9 11 and 13 17 are near the lower limits of the 
sensitivity of the antigen-elimination test (7 ug of antibody 
protein produced every two days is indistinguishable from 
non.imiuune elimination), the variability of the responses of 
these mice and the experimental groups becomes less apparent. 
The only general conclusions which can be drawn from the 
experiments listed in Table 6 is that the mice receiving 
tissue cultured cells in experiments I - 8 and 10 show an 
immune response which is less than that of their controls. 
The responses of the recipients of tissue cultured cells in 
experiments 9 and 11 17 may also bear a similar relation 
to the responses of their controls, but this is obscured 
because the responses of both are so close to the lower limit 
of the sensitivity of the antigen elimination test. 
In comparing individual experiments within these two 
groups, it appears that cells cultured as cell suspensions or 
as hunks, show the same form of antigen elimination in 
recipient mice (compare figures 13 and 14 with 16, and 
experiments 1 9 2 and 3 with 5 in rable 6). Apart from the 
results of Steiner and Anker (1956) 9 Fishman (1959)9 and 
McKenna and Stevens (1960) tissues from immu.nized animals 
have been maintained with the greatest success in vitro (in 
terms of the amount of antibody produced) when they have 
been cultured as fragments (see Table 1). In experiment 9 
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however, although the response of the control mice is poor, 
the responses of the recipients of cells cultured for one 
day as hunks, in the same medium, but imbedded as fragments 
in a plasma clot, appear to be just as good as those of the 
controls. The apparently greater response of the recipients 
of the tissue cultured cells is not thought to be signifi 
oantly different from that of the controls. 
Mich.aelid.es (1957) and Grabar and Corvazier (1960) 
measured prolonged production of antibody in vitro v in a 
primary and secondary response, when fragments of spleen and 
lymph nodes were cultured embedded in plasma or agar clots. 
Although the amounts of antibody which Michaelides measured, 
and the duration for which antibody was formed are question-
able, it is possible that this method of culture may be a 
suitable technique for future investigation. 
It was suggested in the General Introduction that the 
lack of success in maintaining lymphoid tissue in vitro, in 
a functional state, for any length of time might be due to 
the breaking of cellular contacts,, which may be of more 
importance in lymphoid tissues than in other tissues. Such 
cellular contacts have been observed in sections of lymphoid 
tissue and in smears of fresh lymph node tissue. In such 
preparations Undritz (1950) and Thiery (1960) have observed 
collections of plasma cells around reticular or h.istiocytic 
cells.. Although studies with the electron microscope have 
not revealed the nature of the association of the two cell 
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types, Thiery (1960) suggests that the two cells may both be 
playing a role in the immune response. The idea that two 
cells may participate in the immune response was first put 
forward by Sabin (1939) and the recent experiments of Fishman 
(1959) provide some support for the idea. in an attempt to 
investigate the possible necessity of cellular contacts for 
improved survival of lymphoid tissues, cells from an immunized 
animal were cultured in only 5 ml of medium instead of the 
usual 30 40 ml. The controls for these experiments show 
a poor immune response, but it does not appear that the two 
experimental 
groups of/mice show responses which are different. It is 
possible that the cell associations may have to be of an even 
closer nature than exist in 5 ml of medium. 
The experiments listed in Table 6 do not cover a parti-
cularly wide range of the possible combinations of type and 
concentrations of serum and the source of amino acids. It 
is therefore difficult to draw any conclusion as to which 
medium permits the best survival of the cells, as judged by 
their subsequent capacity to show an immune response. It 
was mentioned earlier that lactalbumin hyd.rolysate was found 
by Kagawa at al. (1960) to consist of a mixture of peptides 
and amino acids, and that for the Lstrain fibroblasts which 
they were growing, most of the essential amino acids were 
found to be in a free state. There is evidence from the 
results of the experiments listed in Table 6 9 and in figures 
2 and 3 that Hank's: LH probably provides the same factors as 
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Bale's medium since the responses of cells grown in these 
two media (experiments 1 and 10) and the pattern of mainten-
ance of cell numbers (figures 2 and 3) are the same. It can 
also be seen in experiment 11 on Table 6 that medium 199  does 
not appear to promote better survival of the cells than media 
coxtaining lactalbumin hydrolysate. It would be of interest 
to reinvestigate the ability of Eagle's medium and medium 199 
to maintain the cells using cells from donors which are known 
to be capable of showing a better immune response. 
From the results available it would appear that ilank'ssI 
provides as good a source of amino acids as Eagle's medium or 
medium 199.  Other workers have made the same observation. 
Phillips and Terryberry (1957), Weiss (1959),  Neuman and Tytell 
(190), Kagawa et al. (190) and Micbl (191) have all found 
that the incorporation of UI at the concentration used in 
these experiments, into a medium of serum and a physiological 
saline solution, results in rates of growth of the standard 
cell strains which they use which are the same as those in 
one of the standard synthetic media. Thorbecke and Keuning 
(1953), using a similar product to LH, measured the formation 
of a greater amount of antibody in vitro than was formed when 
a medium of 25% rabbit serum in Tyrode's solution was used. 
In using klank'ss UI with serum as a basic medium, very 
few vitamins and nucleotides will be supplied to the cells. 
A possible future addition to the medium would be a yeast 
hydxolysate, which does contain those factors. This has 
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been used by Phillips and Terryberry (1957) and Weiss (1959). 
The role of serum in a culture medium has been found to 
be more complex than that of amino acids, the exact role 
which it assumes depending to a large extent on the strain 
of cells which is being grown. All cells however seem to 
require a niacroinoleoular component which can be supplied by 
serum, for growth. This component of serum which has been 
found to promote cell growth and adhesion, has been found in 
the globulin fraction (Rinaldini 1958, Weiss  19599  Kent and 
Gey 1960, and Mich]. 1961). Other macromolecular substances, 
which promote growth to the same extent as whole serum, or 
its fractions have been used. These include solutions of 
gelatin (Phillips and Andrews 1959, and Mich.l 1961) 9 methyl 
cellulose (Rinaldini 19589 Phillips and Andrews 19599 and 
Kuchler, Marlowe and Merchant 1960) and blood serum albumin 
(Phillips and Andrews 1959). It was found in experiment 14 
in Wable 6 that the use of a 0.5% solution of bovine serum 
albumin (8A) in dank's: LK supported the maintenance of 
cells which gave as good a response as those grown in a 
medium of 10% sheep serum in Hank's: LII. The continued use 
of such a serum substitute would prove costly. An attempt 
was also made to culture cells in a solution of gelatin in 
Hank' as Ui but the culture became contaminated, and there 
was no time to repeat the experiment. 
The role of the macromolecular component of serum or 
its substitutes is not clear. Biggers, Rin.aldini and Webb 
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(1957) suggest that the macromolecular components of serum 
may exert a protective effect on the cells, possibly by the 
adsorption of the substances onto the surface of the cell. 
In such a position the macromolecules may control the passage 
of certain substances in and out of the cell, or assist in 
the adhesion of cell to cell, or cell to substrate. 
There is some evidence that serum may also be the source 
of some of the essential nutriments for the cell. 	Veetfall, 
Earle and Peppers (1955) found that kleLa cells obtained one 
third of their cellular proteins from amino acids free in the 
medium. Harris (1959) and Eagle (1960) found with chick 
muscle fibroblasts and 1.-strain cells respectively that serum 
contained breakdown products, either peptides or amino acids, 
which were essential to the growth of the cells. Eagle 
found that such products appeared spontaneously in stored 
serum, but that a pancreatic extract when mixed with the 
serum hastened the release of these substances from the serum. 
If serum does play such a role in the experiments 
described here, one would expect that a medium containing 
higher amounts of serum would, within lifflit8, permit better 
survival and growth of the cells. Such an effect cannot be 
seen however when the cell numbers are followed, as in 
figure 3a and b, nor in experiments 12 and 13. In Part II 
where a wider range of media were investigated, there is some 
indication of such an effect since it is found that media 
containing 30% rat or sheep serum permit better survival of 
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cells capable of inducing eplenomegaly than the cells 
maintained in media containing 10% rat or sheep serum. 
Very little evidence exists on the relative growth 
promoting powers of autologous, homologous or ILeterologous 
serum. The use of autologous or homologous serum is 
theoretically preferable, since, apart from immunological 
considerations, any growth factor which mouse cells might 
require is likely to be present in such sera. It is 
impossible to use autologous sera when mouse tissues are 
cultured, and homologous serum exists only in short supplies. 
In the experiments listed in Table 6 9 there appears to be no 
difference between the use of heterologous or homologous 
serum in maintaining spleen cell suspensions in vitro (see 
figure 3 and experiments i t 12 and 15 in Table 6). The 
most interesting result which has been obtained is shown in 
experiment 15 in Table 6. In this experiment cells were 
cultured for two days in a medium consisting of 10% rat 
serum in hank's: L, and in the recipient mice these cells 
show an immune response of the same order of magnitude as 
that of the recipients of cells which have been cultured for 
only one day in any of the other media. This would suggest 
that the use of heterologous sera certainly does not inhibit 
the survival of spleen cells in vitro. A similar good 
survival of spleen cells in media containing 10% and 30% rat 
serum has also been demonstrated with the graft-versus-host 
reaction in Part II of this thesis. Such a conclusion was 
98. 
also drawn by Wolfe and Stavit sky (1958) who used both 
homologous and heterologous sera in media in which antibody 
production in vitro was followed. This finding is in 
contradiction to that of Stevens and McKenna (1958) who 
found that the use of autologous sera promoted the production 
of greater amounts of antibody in vitro than the use of 
heterologous sera. It is possible that the use of higher 
concentrations of homologous sera in the system which has 
been used here may also improve the survival of the spleen 
cells. 
Moorhead, Nowell, i4ellinan, Battips and liungerford (1960) 
found that cells in peripheral blood only exhibited mitosis 
in vitro if they had been treated with phytohaemagglutinin. 
It was thought that this substance might cause a similar 
phenomenon in spleen cell suspensions and this would be of 
particular interest since the effects of cell division on 
the immune response were sought. Experiment 8 in Table 6 
shows the results obtained in mice injected with cells which 
were cultured for one day in a medium of 10% sheep serum in 
ILl to which a small amount of phytobaemagglutinin 
(PHA) was added. The response of cells incubated, in this 
way was no different from that of cells cultured in the same 
medium without PHA (compare experiments 1 and 8). The 
amount of cell division is not known, but even if it had 
occurred the iinnzune response was not increased as one would 
expect if clonal theories of antibody production are to be 
upheld. 
PART II: The measurement of the effects of tissue 
culture on spleen cells from non-immunized animals 
Introduction 
The most dramatic evidence of genetic differences 
between animals is to be seen in the rejection of skin or 
organ grafts. The same destruction of the grafted tissue 
also results when spleen, lymph node or bone marrow cell 
suspensions are injected into animals of another genotype. 
These inocula contain cells which are themselves capable of 
responding immunologically, but any immune response on their 
part is obscured by the larger and more rapid response of 
the host cells, which react against the antigens of the 
donor tissue. 
When a host animal is incapable of making an immune 
response, the reaction of the immunologically competent 
cells, within the grafted tissue, against the antigens of 
the host becomes evident. The consequences of this 
reaction for the host may then be as dramatic as the 
rejection of grafted tissue. Most animals are known to be 
incapable of giving 
birth or hatching. 
of giving an immune 
with large doses of 
competent cells are 
animals, the symptoi 
an immune response around the time of 
An adult animal can be made incapable 
response by treatment With drugs, or 
radiation. When immunologically 
then injected into any such group of 
s which characterize the reaction of the 
IPAr 
injected cells against the host antigens, are remarkably 
similar. Those which appear in animals injected around the 
time of birth are termed "runt disease" (Billinghaia and Brent 
1957, Simonsen 1957) while those seen in irradiated adult 
animals are termed "homologous", "secondary" or "wasting 
disease" (Congdon and IJrso 1957, Trentin 1957). 
Iillingham and Brent (1957) first noticed the symptoms 
of runt disease as the unwelcome outcome of attempts to 
induce tolerance in new-born mice to subsequent skin grafts, 
by the neonatal injection of spleen cells from adult mice. 
They suggested., on the basis of an idea put forward by 
Dempster (1953) and Simonsen (1953) that these symptoms 
might be the outcome of a reaction of the grafted cells 
against the antigens of the host. Simonsen (1957) and Cock 
and Simonsen (1958)  designed experiments the results of which 
show conclusively that runt disease is in fact a manifestation 
of a graft-versus-host reaction. 
Simonsen (1957) showed that severe haemolytic anaemia 
occurred in chickens which had been injected after 18 days of 
incubation with whole blood or a spleen cell suspension. 
Soon after the injection, and before the anaemia developed., 
he found that there was a gross enlargement of the spleen and 
liver. Rod blood cells from the older anaemic chickens were 
shown to be coated with gamma globulin and this was taken to 
be an indication of the presence of antibodies against the 
antigens of the host red blood cells. Simonsen predicted 
101. 
that this phenomenon would not arise when cell transfers 
were made between animals with identical genotypes. Cock 
and Simonsen (1958) showed that this was in fact the case in 
chickens, and they also showed in chickens, as Dillingham and 
Brent (1959) did in mice, that the injection of cells from 
adult F1 hybrid animals into either parental strain did not 
result in the induction of the symptoms of runt disease. 
However when the situation was reversed, and the injected 
parental cells encountered antigens in the F, hybrid hosts 
which they did not possess themselves, symptoms of runt 
disease were evoked. 
Many tissues have been shown to be capable of inducing 
the symptoms of runt disease. Spleen and lymph node cell 
suspensions have been shown to be effective, whereas thymo-
cytes and bone marrow do not possess this faculty (see 
Simonsen 1957; Billingham and Brent 1959; Siekind and 
Thomas 1959; and Terasaki 1959a). Two other cellular pre-
requisites must be met before the symptoms of runt disease 
can be evoked. It has been found that the injected cells 
must be obtained from adult animals, since Simonsen (1957) 
found that embryonic cells do not induce splenic enlargement 
or anaemia when injected into embryonic chickens. The 
cells must also be viable since it has been found that cells 
which have been heated to 49.5 0C (Simonsen 1957)9 cells 
which have been repeatedly frozen and thawed (Siskind and 
Thomas 1959) or cells which have been exposed to doses of 
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radiation (Kryukova 1959), do not induce the symptoms of 
runt disease. 
All the cell suspensions which do induce the symptoms 
of runt disease contain many types of cells, any of which 
might be responsible for causing runt disease. Terasaki 
( 1959a) presents evidence which narrows the field down, 
since he finds that freshly prepared, 99 100% pure prepara-
tions of lymphocytes from the puffy coat of hen blood cause 
splenic enlargement in chickens, which Simonsen (1957) showed 
to be one of the early symptoms of runt disease. These 
preparations of lymphocytes were contaminated to varying 
degrees with monocytes, which, even in their smaller numbers, 
could be the cause of the splenomegaly. Terasaki found 
however, that the injection of an equivalent or greater 
number of monocytea alone did not cause aplenoaegaly. These 
cells had been cultured for 24 hours and could be judged to 
be viable by their uptake of neutral red dye and their 
capacity to grow on subsequent re-culture. Although it is 
questionable as to whether these are very revealing measure-
ments of the physiological state of the aonocytes, as will 
be discussed later, he thought that this evidence placed 
considerable weight on the cells of the lymphocytic series 
as the initiators of splonomegaly. He also mentions 
briefly an experiment in which he found that preparations of 
lymphocytes which had been cultured for eight hours on glass, 
to remove nionocytes, produced a five fold aplenic enlargement 
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while lymphocytes cultured in the same way for 20 hours 
produced no splenic enlargement. This observation of 
Terasaki's indicated that the graft-versus-host reaction 
might provide a measure of changes induced in spleen cells 
which had been maintained in vitro. 
Simonsen (1957) and Cock and Simonsen (1958) had found 
that it was necessary to inject mice and chickens before or 
within the first day after birth or hatching, because of the 
timing of the development of the host's own capacity to 
respond immunologically to the injected cells. Simonsen, 
ngelbrethu.Ho1m, Jensen and Poulson (1958)  round however, 
that when cells from adults of the parental strain were 
injected into P1 hybrid mice, the injections could be made 
later than the first day after birth and a considerable 
degree of splenic enlargement could still be measured some 
days later. They used splenomegaly as a measure of the 
degree of histocompatibility between strains of mice and the 
injection of adult cells into P 1 hybrid aLoe ensured that 
the effects observed were due only to dominantly determined 
antigens in the hosts. The degree of splenomegaly which 
they obtained differed between strain combinations, which is 
to be expected, since it had been shown by Cook and Simonsen 
(1958) that the reaction is dependent on the degree of 
genetic disparity between the two strains involved. None 
of the strain combinations which Simonsen at al. used were 
the same as those available in this laboratory. C& mice 
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were used in the experiments described in Part I of this 
thesis, so it was decided to use mice of this strain as the 
donors of the tissues to be injected, and to select a 
suitable genetic combination for the host strain from the 
strains of mice which were available in the laboratory. 
he time of injection of the donor cells and the duration 
between injection and sacrifice were investigated h*aS in 
order to establish the times at which maximum spleen enlarge-
ment could be expected in the strain combination which was 
used. 
Simonsen and Jensen (1959) found in the strain combina-
tions which they used that the injection of 2 x 10 6  adult 
spleen cells produced a slightly lesser degree of splenomegaly 
than the injection of 10 x 10  cells. Billing}ia, and Brent 
(1959) found that 4 10 x 10 spleen cells from CM mice 
successfully induced tolerance in newborn strain mice. 
Throughout these experiments 8 x 10 cells have been injected 
into the host mice, although the effects produced by injecting 
different numbers of cells was also investigated. 
Having measured, as far as was possible, the variables 
of the system, the technique was then used to measure the 
effects of culture for different lengths of time in the seine 
medium, or for the same length of time in different media on 
the spleen cells. The degree of splenomegaly produced by 
tese cultured cells gave an idea of the survival of the 
cells in the different culture conditions. 
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aolub (1958) and Holub and Riha (1960) found that the 
morphology of spleen cells was well preserved and that the 
cells were able to form small amounts of antibody when lymph 
node cell suspensions were maintained in diffusion chambers 
which had been inserted in the peritoneum of rabbits. A 
preliminary experiment is reported here in which spleen cells 
are maintained in such chambers and their capacity to induce 
splenoniegaly after this treatment is measured. 
Materials and Methods 
Animals 
CBA mice were used as donors of the spleen tissue. 
Three strains of other mice available in this laboratory 
were tested to determine which genetic combination produced 
the greatest degree of splenic enlargement. The strains 
were A. ASW and C5711. 
The injection of spleen cells 
Spleen cell suspensions were prepared in Hanklas LH and 
tissue cultured cells were harvested as described in Part I. 
These cell suspensions were then injected in volumes not 
exceeding 0.1 ml into the peritoneum of the baby mice. The 
mice were held on their backs and a 30 gauge needle, fitted 
to a 0.25 ml tuberculin syringe, was passed subcutaneously 
from below the left fore leg to below the umbilicus before 
the tip of the needle was passed into the peritoneal cavity. 
The cell suspension was injected very slowly and if any 
leakage of fluid occurred after the slow withdrawal of the 
needle,the mouse was killed. Injected mice were marked by 
the removal of the tip of the tail or of the tips of the 
toes of one of the limbs. Only one half or one third of 
the litter was injected at a time, the rest of the litter 
forming uninjected littermate controls. This procedure was 
adopted, rather than the use of separate litters as controls, 
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since intralitter variation was found to be less than inter-
litter variation (Simonsen and Jensen 1959). 
The mice were injected from 1 8 days  after birth.. 
Measurement of spleen enlar gement 
Tie mice were killed at varying intervals from 3 to 14 
days after injection. The corpses were weighed, the spleen 
was carefully removed and its surface dabbed dry with 
absorbent tissue. The spleen was then weighed on a torsion 
balance and this weight was then calculated as a percentage 
of the body weight of the animal from which it came. In 
order to make the results from different litters more strictly 
comparable, each of these figures was then expressed as a 
factor of the mean of the equivalent figures for the ianirm,Jected 
littermate controls. Simonsen et al. (1958)  term this factor 
the "experimental index" but it could also, and more 
descriptively, be called the splenomegaly index. Experimental 
or splenonegaly index - Spleen wt. % bo&r wt.  ezieriaaeLt&i.  animal Mean spleen wt. % body wt • control animals 
or if a1 , a2 are spleen weights of experimental animals 
and b1 , b2 are body weights of experimental ani mals 
and c1 , c2 the spleen weights of control animals 
and d.1, d  the body weights of control animals 
then aplenomegaly index = a x1lOO 	
1 - 
for animal l 
cxl00 	b XC 
Cl 
where C is the mean of c, C 2 
is the mean of Cl1 , d2 
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The results have been expressed in this way in all cases 
but experiment 1. On this basis an index of 1 represents no 
spleen enlargement, index 2 shows the spleen to be twice as 
large as that of the controls and so on. 
1xperiments and Results 
1' Strain combinations and spleen enlargement  
Mice of less than 214 hours of age of tAe A, .A3J and 
C5731 strains were injected with B x 10 CM spleen cells. 
In this early experiment other litters of tae same age were 
used as the uninjected controls, rather than littermate 
controls. Six days after injection, the injected mice and 
the controls were killed, body and spleen weights were taken 
and the spleen weights were converted into percentages of 
the respective body weights. 
Table 7. 
The results are presented in 
It can be seen from these results that only in the 
strain combination CM -, C57l does the mean and range of 
the spleen weights of the experimental animals lie outside 
those of the control litter (p' 0.01 as compared with p 0.2 
for CM 	A and AIW mice). This result would have been 
even more clearcut if littermate controls had been used. 
Since thegraft-versus-host reaction is based on genetic 
dissimilarities between the donor and the host, this result 
is not surprising. It is known that the CM, A and ASW 
strains possess a common antigen (C) of the 1i'2 system which 
is not shared by the 0571 strain (c) (Gorer 1956). Although 
Dillingham and Brent (1959)  find that the reversal of the 
donor and host roles does not always induce the same degree 
of tolerance, this result could be predicted from their 
110. 
Table 7. The effect of injecting 8 x 10 6  CIA (11.2 antigens 
OdEfZ) spleen cells into litters of A jax  t ASW and 
057B1 mice 
Experimental litter Control litter t test 
Host strain Spleen weight as Spleen weight as 
11.2 Antigens percentage of percentage of 




















0.75 	 0.58 
0.80 0.53 
C5731 	
0.94 	 0.62 P 
< 0.01 
CDF1k 	











Fiure 20. Jp1enouea1y indices of litter:, injected at different 
ages and killed at different intervals thereafter. (Neans). 
Ill. 
results. They found that 100% of newborn mice injected 
with cells from adult C5731 mice died early in life, 
exhibiting the symptoms attributed to runt disease. 
C5Th1 mice in combination with OBA mice have been used 
in all the experiments to be described, as the parents of 
the bj hybrid host mice. 
The effect of injecting mice of different ages 
varying the time between injection and challenge 
Groups of (CBA x C5711)F1 litters were injected with 
8 x 106  CBA spleen cells at 3 9 5 and 8 days after birth, 
leaving the usual Littermate controls. £dtter from each 
group were killed 3 9  7, 10 or 14 days later and the experi-
mental indices calculated in the usual way. The means of 
these figures are presented in figure 20. There is little 
difference in the maximum amount of splenic enJargement 
reached when the mice are injected at 3, 5 or 8 days of age. 
In each case the peak of the response is reached 6 10 days 
later. 	ihis conforms with the results which Simonsen at al. 
(1958) obtained with AZR, DBA and C3ii mice. 
In all subsequent experiments mice were injected 5 7 
days after birth and were killed 7 8 days later. 
The degree of variability of the splermegaly response 
It was found that even when litters are injected on the 
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degree of spleen enlargement shown by the mice, when killed 
at any interval afterwards, is very variable. In some 
cases there was a two-fold difference of the splenomegaly 
index within a litter. This variability is shown in 
figure 21 where the aplenomegaly indices obtained from a 
large number of litters, all of which were injected. 6 or 7 
days after birth, are presented. Despite the variability 
in the responses of different litters, the same general 
pattern of response is shown in any one litter. Figure 22 
shows the results obtained when pairs of control and experi-
mental animals from individual litters are killed at 
intervals after the injection of 8 x 106 CBA spleen cells. 
Figure 23 shows typical splenic enlargement. 
4. The effect of injecting different numbers of cells 
Figure 24 presents the indices of splenomegaly obtained. 
when 1 9 2 9 4, 8 and 16 x 106 OBA spleen calls were injected 
into 6 7 day old, F1 litters which were killed 7 8 days 
later. It can be seen that the injection of as few as 
1 x 106  spleen cells produces a small degree of spleen 
enlargement. The peak of the effect is reached when 
4 8 x 106 cells are injected, the plateau effect produced 
by inocula larger than this being very marked. 
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5. The effect of injecting sDleen cells obtained from mice 
immunized against BGG 
In some of the experiments described in Part I of this 
thesis, tissue cultured cells were available after the 
irradiated recipients had been injected with the harvested 
cells. These were injected into F 1 hybrid baby mice and 
the degree of splonomegaly which they induced was measured. 
Since these spleen cells were obtained from donors which had 
been immunized against BGG, it was decided to determine 
whether or not non-cultured cells from immunized animals 
induced the same degree of splenomegaly as cells from non 
immunized donors. 
P1 hybrid mice of 6 7 days of age were injected with 
8 x 106 spleen cells from immunized or non-immunized mice. 
Splonomegaly indices were determined 7 - 8 days later, and 
are recorded in Table S. 
Analysis of variance was carried out on the figures 
using the method of Quenouille (1950). This teat showed 
the results to be significantly different at the 0.1% level. 
This finding will be discussed later. 
F. fhe effect of versene treatment on spleen cells 
It was shown in Part I that after versene treatment of 
spleen cells, there was an increase in the numbers of cells 
which took up solutions of viability stains (see Table 3). 
The capacity of these cells to induce splenomegaly was 
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Table 8. Indices of splenomegaly obtained when cells from 
immunized or non-immunized animals are injected 
into F1 hybrid, mice 
DOflOr8 of cells 	Litter 1 Litter 2 Litter 3 Litter 4 
1.374 1.836 2.610 1.785 
1.844 1.773 2.44 1.310 
Immunized 
1.801 1.883 2.60 10247 
V. BGG 
1.514 2.065 2.64 
1.368 
2.238 2.117 1.76 	2.165 
1.693 2.521 2.08 	10748 
Not immunized 2.054 2.566 2.06 	2.199 




0.6124 Variance ratio 	8.914 





tested, so that a biological estimate could be made of their 
viable state. 
A spleen cell suspension in hank's; ILi was incubated 
with an equal volume of 0.5%  versene for half an hour at 37 0C. 
Another suspension was incubated with an equal volume of 1% 
versene for 7 minutes or half an hour at 37 0C. The cells 
were then centrifuged and re-suspended in flank's; La. sight 
million cells were then injected into one third of a litter 
of F1 hybrid mice of 6 7 days of age. A further third of 
each litter was injected with spleen cells which had received 
no treatment, the final members of the litters forming the 
uninjected. controls. The indices of splenomegaly obtained 
eight days later are shown in Table 9. 
Table 9. Indices of splenomegaly in recipients of versene 
treated cells 
	
Treatment 	Versene treated 	No treatment 
of cells Litter 1 Litter 2 Litter 1 Litter 2 
0.5 	versene 2.00 2050 
30 minutes 2.26 2.59 
1.75 
1% versene 2.08 	2.28 1079 
7 minutes 2.95 	3.26 1.25 3.45 
2073 2.03 
1% versene 	1.85 	2.20 	2.57 	1.90 
30 minutes 	2.31 2.08 	1.76 	2.52 
2047 	2.59 	2.08 	2090 
2-06 
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These results suggest that even treatment with 1% versene 
for half an hour has no effect on the capacity of the spleen 
cells to produce splenic enlargement, such a solution being 
five times more concentrated than the 0.2% versene solution 
which is normally used to harvest the cultured cells. 
7. The effect of heat treatment on spleen cells 
i11inghan, Brent and Medawar (1956) found that heating 
blood at 49.5°C  for 20 minutes destroyed the capacity of the 
blood to confer tolerance in chickens to subsequent skin 
grafts. Simonsen (1957) found that the same treatment 
destroys the capacity of whole blood to cause apienomegaly in 
chickens. On the other hand, Atchison (1959) found that 
chickens which had received transfusions of blood treated in 
this way suffered from delayed anaemia and subsequent death. 
He attributed this to the cumulative effects of small numbers 
of leucocytes which had survived the heat treatment. Some 
indication of a similar survival of cells after heat treat-
ment was shown in an experiment described in Part I of this 
thesis (see Table 3). Suspensions of spleen cells which 
had been heated to 49.5 °C for half an hour were shown to 
contain an average 70 of dead. cells. It was thought that 
the graft-versus-host reaction might provide another measure 
of the viability of these cells. 
A suspension of CBA cells was prepared in ilank'ss LU 
and was heated at 49.50C  for 20 minutes in a water bath. 
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wo litters of i? hybrid mice of 6 - 7 days of age were 
injected with 8 x 10 6  of these cells, leaving the usual 
littermate controls. Two other litters received an injection 
of 8 x 106 cells of which 2.66 x 10 had received heat treat-
merit. A further two litters received an injection of 
5.33 x io beat killed, cells and 2.66 x 10 normal cells. 
A final pair of litters received 8 x 10 6  normal spleen cells. 
A week later all the litters were killed and the splenomegaly 
indices calculated. These are presented in figure 25. The 
first point which will be noticed is that the litters which 
had received an inocu].um of 100% "killed" cells did not show 
a complete absence of splenic enlargement. 
The litters which received an inocuiwn containing 33% 
live cells show a response which can be expected from an 
inoculum containing 2.66 x 106 live cells (see figure 24), 
as is the case with the response to an inoculum containing 
66% (5.33 x 10 6 )live cells. 
8. The effect of treatment of spleen cells for different 
lengths of time with phytohaemagglutinifls 
The extracts of certain plants or their seeds have been 
found to agglutinate mature erythrocytic cells of the blood 
and bone marrow (Li and Osgood 1949). These have been 
called phtohaeniagglutinins (PILA). Such substances have 
been found to have interesting side effects, in that the  
treatment of blood with PHA results in an increased rate of 
4 
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division of the blood leucocytes (Moorhead, Nowell, Neiman, 
Battips and kLunerford 1960). 
It was thought that it would be interesting to determine 
the effect; of this substance on spleen cell suspensions, 
using the graft-versus-host reaction as a measure of the re-
activity of the treated cells. 
A spleen cell suspension in llank'ss Lii was halved. To 
one half 0.1 ml of phytohaemaggiutinin (Difco) was added and 
both halves of the suspension were then incubated for ten 
minutes or half an hour at 37 0C. The cells were then either 
injected immediately, or after they had been centrifuged and 
washed in lLank'ss ia. 8 x 106  of the treated or untreated 
cells were injected into 1 litters of 6 7 days of age and 
spienoinegaly was measured in the usual way. Cultures were 
also set up with spleen cells in a medium composed of 10% 
sheep serum in iank's: UI to which PHA was added. After 
4 and 24 hours of incubation the cells were harvested and 
injected into 6 - 7 day old mice in the usual way. 
The results are presented in Table 10. It can be seen 
that after only ten minutes of incubation the cells which had 
been treated with PHA gave a lesser degree of splenomegaly 
than the untreated cells (p< 0.01). Cells which had been 
incubated for 24 hours with PRA in the medium did not produce 
a degree of splenomegaly which. was significantly different 
from the controls. 
119. 
Table 10. The effect of treatment of spleen cell suspensions 
with phytohaemagglutinin (PHA) on the degree of 
spleen enlargement (splenomega.ly indices presented) 
A1A treated Qells Non-treated cells 
P11k 10 mm. 37°C 	10 mm. at 370C 	t test 
1 1.26 1.762 P11k when 
injected 
1.471 1•884 PIlL when 
2 1.425 2.079 injected 
1.342 
1.368 1.351 P11k when 
3 1.449 1.925 injected 	p 0.01 
1.344 2.026 
1.950 2.045 
4 1.884 2.208 No PIlL 	p-0.01 
1 . 752 2.437 
PIlL I  hr. at 37 0C 	I hr. at 370C 
1.399 1.95 
5 	1.439 2.146 No PIlL 
1.548 
PIlL 4 hrs. at 37 °C 6 hrs. at 370C 
1.624 2.22 
6 	1.395 2.21 No PIlL 	0.02 
1.707 1.747 
2.176 
PIlL 24 hrs. at 3700 24 hz's. at 370C 
1.131 1.14 













9. The injection of cells cultured for different 1engths of 
time in the same medium 
OA spleen cells were cultured as described in Part I 
of this thesis, in a medium consisting of 10% sheep serum in 
Hank'st L. After 4, 12 and 24 hours of culture the cells 
were harvested in the usual way and 8 x 106  were injected 
into 6 7 day old F1 mice which were killed 8 days later-  
The spleziomegaly indices are presented in figure 26. 
As was the case when the immune response was followed 
in mice receiving cells which had been cultured for varying 
lengths of time, it would appear that after increasing 
durations of culture the spleen cells progressively lose the 
capacity to induce splenomegaly. Whether this is due to 
cell death or is the result of some other process will be 
discussed later. in view of cell death being a possible 
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cause of the decreased capacity of cultured spleen cells to 
cause splenoxnegaly, it is of interest to note that 16 x 10 6 
of the cells which had been cultured for one day did not 
produce a greater degree of splenoinegaly than 8 x 10 	of the 
same cells. 
10. The injection of cells cultured for one day in 
different media 
CA spleen cells were cultured in a variety of media 
for one day and then harvested and injected into F 1 mice in 
the usual way. The composition of the media used, the 
viability of the cells, the predominant cell type and the 
indices of splenic enlargement obtained are listed in 
Table 11. 
In figures 27 37, inclusive, stained preparations of 
cells cultured for different lengths of time in various 
media are shown. Figures 38 444 inclusive, show stained 
preparations of smears from spleens of normal adult and baby 
mice and from immunized adults. 
It can be seen in Table 11 tnat virtually no aplenic 
enlargement is shown in the recipients of cells cultured in 
some of the media (experiments 1 9 2 9 4, 79 3 9 9 and l)). 	In 
media containing 30% sheep serum, 10% or 30% rat serum there 
is a considerably greater degree of spleen enlargement. The 
spleen enlargement observed in the recipients of cell 
cultured in these media can be related to the survival of 
Table 11. 	Indices of epleziomea1y in mice injected with cells cultured for 
one day in ditZerent media 
ixpt. Medium % dead 	predominant Figur. 	Indices of e1enomea1y or NI No. cells cell type No. 1 2 3 
1 10% sheep serum 27 1.14 1.06 1.026 Hank's:LH lux 20 1.16 1.02 1.037 1.25 1.085 
2 10% sheep serum 28% 33 1.13 - - 
H:LH+ PRA 1.18 
1.06 
1.45 
3 30 sheep serum 32% iIIG 	) 70 29 1.72 1.63 1.57 NI Ii 	: LII SLC ) 1.81 1.27 1.45 
1. 97 1.29 1.65 Iiono ) 35 1.66 LLC ) 30 
4 30% sheep serum - - - 1.14 1.07 0.99 NI 
med. 199 1.06 1.01 1.12 
1.03 1.16 
1.10 
5 10% rat serum 34% SLC 75 28 1.22 1.49 - NI 
H:LH I&LC 25 1.24 0.99 
1.32 1.48 
1.32 1.12 
6 	30% rat serum 	- 	SW 	50 	30 	1.53 1.17 	- 	NI 
H : LII 	 MLC 50 1.33 	1.10 LLC j 	 1.48 1.11 
1.14 
7 	10% mouse serum 	- 	 - - 	 1.02  
med. 199 1.21 
8 	20% mouse serum 	- 	 SLC 80 31 	1.09  
med. 199 1.11 
1.12  
1.11  
9 	20% mouse serum 	38% 	SJJC 70 - 	 0.90 	1.11 	1.06 	NI 
H : LII 	 ?dILC 30 0.95 1.09 0.99 
0.89 	1.23 	1.16 
10 	30% mouse serum 	- 	 - 	 - 	1.16 1.13 	 fl 
H : LH + embryo 1.28 1.12 
extract 	 1.12 1.16 
1.30 
LLC - 	 large lymphocyte 
MLC - 	 medium lymphocyte 
SLC - 	 small lymphocyte 
I - 	 cells from mice immunized with BGG 
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i?igure 34. Cells present after 9 hours of culture in a medium 















Figure-30'. Cells present after two days of culture in a medium 
of 30 sheep serum in Hank's:LH. 
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Fiiire 37. 1iiher power view of ficure 35. 
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different types of cells to those seen for example in 
experiment 1 (compare figures 28 9 29 and 30 with figure 27). 
11. The injection of cells removed from diffusion chambers 
lodged in mice 
A few preliminary experiments were carried out to 
investigate the capacity of spleen cells removed from 
diffusion chambers to induce splenomegaly. The chambers 
had been left in the peritoneum of mice for varying lengths 
of time before removal. (his experiment was carried out 
together with Mr. R. Taylor of the Zoology Department, 
d.inburga.) 
The chambers were constructed of rings of polystyrene 
with a small hole drilled through the wall. ieoh side was 
covered with a milhipore paper of porosby 3 1 u (Oxoid 
membrane filter papers 200 u thick). The papers were stuck 
onto the ring with a glue composed of polystyrene dissolved 
in chloroform. 
A suspension of CRA spleen cells in Iiani's; XJkI was 
inserted through the hole in the ring with the tip of a 
finely drawn Pasteur pipette and the hole was than sealed 
with a drop of the polystyrene-chloroform glue. One third 
of a spleen, or about 50 x 10 cells, was inserted into each 
chamber. The chamber was then inserted into the peritoneal 
cavity of an anaesthetized outbred mouse. 
Three or seven days later the chambers were removed and 
125. 
the outsides were carefully scraped and washed in Hank's: L 
to remove any adhering fibrous material or cells. The 
millipore papers were then out away from the rings with a 
scalpel and placed inside downwards in a solution of 0.2% 
versene and 0.5% trypsin (9:1) in a Petrie dish. The dish 
was placed in an incubator at 37.5 0C for 20 minutes. The 
material adhering to the inside of the filter paper could 
then be gently scraped off with a plastic policeman. This 
material was then gently pushed through a stainless steel 
sieve into Ka.nk'a: LH to remove any scraps of the friable 
millipore filter and to break up the fibrous material. The 
resulting suspension was then gently centrifuged and the 
cells were resuspended in Hank's: LH. Four million cells 
were then injected into 7 day old F. mice and these were 
killed 8 days later. The splenomegaly indices are presented 
in Table 12. 
Table 12. Indices of splenomegaly in mice injected with 
cells removed from diffusion chambers inserted 
into mice 






7 d.. 	 1.73 
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Even after the chambers had been in the mice for 7 days 
the condition of the contained spleen cells was such that 
the cells could still cause a considerable degree of aplenic 
enlargement. The amount of splenic enlargement was of the 
order which would be expected from an inocuiwn of 4 x 106 
normal spleen cells. 
It is only to be expected that the internal fluids of a 
mouse would provide ideal conditions for maintaining mouse 
spleen cells. The same maintenance of the condition of the 
spleen cells was observed in the rabbit by Holub and Riha 
(1960). This in vivo method of maintaining spleen cells 
would be ideal for determining the effect of cell division 
on spleen cells. Unfortunately there are difficulties 
involved in harvesting the cells and thus in following cell 
divisions and cell changes. These may be solved in the 
future by Mr. Taylor who is following the problem in more 
detail. He has also shown that the splenoiaegaly observed, 
is not caused by cells from the peritoneal cavity of the 
outbred mice migrating into the diffusion chambers, by using 
empty chambers. 
Discussion 
In interpreting the results of any experiments in which 
splenomegaly is used to measure the effects of any prior 
treatments on the injected cells, two factors must be borne 
in mind. The first is the variability of the response and 
the second the pronounced limits to the sensitivity of the 
test. 
±ie variability of the response is illustrated in 
figure 21, and in this figure both the intra-litter and the 
inter-litter variation in the degree of spleen enlargement 
become apparent. This variability could be due to a number 
of £aCtOr8, some inherent to the graftversusho8t reaction, 
others extraneous to it. Extraneous factors could include 
errors in calculation of the numbers of cells injected, 
variations in the preparation of the cells for injection and 
failure to inject the cells intra.peritoneally. in figure 24 
the responses obtained after injecting different numbers of 
cells are shown, and it can be seen that the amount of 
splenomagaly induced is more or less constant after the 
injection of 4 - 16 x 10  spleen cells. In figure 21 9 
where 8 x 10 6  cells were injected in every case, an error of 
greater than 50% would have to be involved in calculating 
the numbers of cells injected, in order to explain the lower 
responses. It is very unlikely that this could have 
occurred. Every attempt was made to standardize the 
technique of preparing the spleen cell suspensions. If any 
injection was visually unsuccessful, or dubiously successful, 
the mouse was killed. This accounts for the low numbers of 
animals seen in some experiments in Table 11. 
Inherent and uncontrollable variations in the size of 
the splenomegaly response could lie in the general physio-
logical state of an animal. In large litters all the 
animals were noticeably smaller than those in smaller litters. 
Uowever, a cursory examination of litter size suggested that 
there was no relation between this and the amount of splenic 
enlargement observed. Natural litter runts were never 
injected, nor used as controls. The fact that individual 
differences exist between animals in their capacity to give 
an immune response and that the size which this response 
reaches will vary has already been discussed in relation to 
antibody production in Part I. It is probable that a 
similar type of variation in the capacity of different 
animals to react to tissue antigens will also exist. 
As to the limits of the sensitivity of the teat, it can 
be seen in figure 214 that the injection of i. x 10 6  spleen 
cells into baby mice produces only a very small degree of 
splenomegaly. This response is taken to be the lower limit 
of the sensitivity of the test. The marked plateau effect 
seen with inocula of 8 16 x 106 cells marks the upper limit 
of the sensitivity of the teat. Because of these two limits 
the aplenomega.ly test can only demonstrate quantitative 
differences with inocula of between 1 and 8 x 10 viable 
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spleen cells. 
The marked plateau effect which is seen in figure 24 
can be explained as the outcome of competition, for space in 
which to settle, between the injected cells and the host 
cells. The total number of lymphoid cells in an adult 
animal can be estimated as 1000 x 10 (twice as many as the 
number which can be obtained from the spleen and all 
available lymph nodes which is about 500 x 10 6  in a ci 
mouse). A baby mouse of 6 days of age weighs about one 
fifteenth of the weight of an adult, and on this basis can 
be assumed to possess about 70 x iOG lymphoid cells at the 
time of injection. The cells in an inoculum of 8 - 16 x 106 
cells are therefore faced with considerable competition from 
the dividing cells of the host for space in which to settle, 
even allowing for the rapid growth of the baby mouse. The 
plateau effect of inoculum size would suggest that of an 
inoculuia of 16 x 106 spleen cells only as many cells as 
those in an inoculum of P, x 10 6 can settle out in the spleen 
and other lymphoid organs and there induce the cellular 
changes associated with splenomeg8ly. The physical limits 
to enlargement of the spleen must also be borne in mind. 
The optimal inoculuin size to have chosen would be 4 x 10 6 
spleen cells, since increases above and decreases below the 
amount of splenoinegaly induced by 4 x 106 could then be 
measured. It was decided to use an inoculum of 8 x 106 
cells however since any decrease in the size of the 
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splenomegaly response initiated, by an inoculuxa of 8 x 10 6 
cells would be more significant than a decrease from the 
response induced by 4 x 10 6 0 
The use of induced splenomegaly to measure the effects of 
various 'treatments of spleen cells 
There are many instances where the measurement of the 
effect of various agents on cells in vitro could well be 
supplemented by the use of in vivo tests. Hoskins, Meynell 
and Sanders (195€) attempted to relate the viability of cells, 
as measured with stains, to the capacity of the same tumour 
cells to induce tumours in fresh hosts. They found however 
that the biological part of their test did not give satis-
factory results. It has been shown in figure 24 that, 
within limits, aplenomegaly can be related to the number of 
cells in an inoculum. It was therefore decided to use 
spleriomegaly as a measure of the accuracy of the estimations 
of the viability of cells with stains. 
It was shown in experiment 2, in Part I s that the 
incubation of spleen cells with a solution of versene for 
half an hour results in a alight increase in the numbers of 
cells taking up solutions of viability stains, while beating 
a spleen cell suspension in a water bath at 49.5 0C for half 
an hour did not result in all the cells taking up the stains 
(see Table 3). In experiment 5 in this part of the thesis, 
it has been shown that spleen cell suspension which have 
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been treated with a solution of versene which is five times 
more concentrated than that normally used, still produce 
exactly the same degree of splenomegaly as untreated cells 
(see Table 9). It was suggested in the discussion in Part I 
that the action of versene in chelating calcium and maiesium 
ions might alter the state of the cells temporarily, 
permitting the entry of stains into some cells, while the 
situation could be reversed when the cells are injected into 
a living animal. The results shown in Table 9 would confirm 
this suggestion, although the slight apparent increase in the 
numbers of cells taking up the stains after versene treatment 
might involve too few cells for the aplenomegaly test to 
detect. It can be concluded however that versene treatment 
does not cause extensive effects in the cells. 
Spleen cells which had been heated to 49.5 0C for half 
an hour, were found to be capable of inducing a small degree 
of splenomegaly in baby mice, while when mixed with varying 
proportions of live cells the degree of splenomegaly 
observed was found to be proportional to the number of un-
treated cells in the inoculum (see figure 25). Estimations 
of cell viability with stains showed that not all the cells 
were dead after such a treatment, and the results shown in 
figure 25 would confirm this finding. $b.e similarity of 
these results to those of Mitchison (1959) and their contra-
diction of the results of Dillingham et au (1956) and 
Simonsen (1957) has already been discussed in Part I. 
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Splenomegaly has also been used to measure the effect 
of treating spleen cell suspensions with phytohaemagglutinins 
(see Table 10). After ten minutes treatment the cells 
showed a significantly decreased capacity to induce spleen 
enlargement (p 40.01). A "t" test was not applied to the 
indices obtained in the recipients of cells treated for half 
an hour with PIA, but the splenomegaly indices also appear 
to be less than those induced by non-treated cells. Even 
after four hours incubation with PHA the splenomegaly 
indices induced are significantly different from the controls 
(p0.Ql). In experiments 1 9 2 and 3 in Pablo 10 the PHA 
in the suspension was not removed by centrifugation of the 
cells, and in experiments 8 and 9 on the same Table it is 
shown that the injection of small amounts of PHA into baby 
mice does induce a small degree of splenoinegaly. This 
would suggest that the splenomegaly induced by the treated 
cells would be even less if PHA had been removed from the 
suspension of the treated cells. In comparing experiments 
3 and k on Table 10 however the same decreased amount of 
splenomegaly is shown whether or not PHA is removed from the 
fluid in which the cells are suspended. 
It has already been mentioned that Moorhead at al. 
(1960) found that the leucocytes of blood which had been 
treated with P1L& were stimulated to divide by the treatment. 
It is suggested that as a consequence of such a stimulus to 
divide some of the cells in the inoculum were no longer 
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capable of responding to the antigens of the host cells, 
although it is not known whether the treated cells actually 
divided in the experiments described here. 
It was found that after injecting spleen cells from 
mice which had been immunized against BGG into baby mice the 
degree of splenoinegaly induced was significantly less than 
that induced by cells from non-immunized animals (see Table 
8). The only explanation which can be put forarci to 
explain this observation is that the spleen of an immunized 
animal contains different proportions of the cells 
responsible for inducing a graft-versus-host reaction. 
4akinod.an , Ruth and Wolfe (1954) find that in the spleen of 
an immunized hen, at the time of maximum plasma cell 
production there is a concurrent decrease in the numbers of 
medium and small lymphocytes. The only cases in which baby 
mice have been injected with cultured cells from immunized 
animals are in experiments 2 9 7 and 8 in Table 11. It i8 
possible that the lower Indices of splenomegaly observed in 
these oases are due to the fact that the spleens used were 
removed from immunized animals. This must be borne in mind 
when the results of these experiments are discussed.. It is 
possible that, if the results of Makinodan et a].. (1954) also 
apply to mice, this can be used as evidence to support the 
role of medium or small lymphocytes in inducing splenomegaly. 
It will be shown later however that small lympiiocytos are 
probably not involved. 
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Causes of the symptoms of the rafteveraushost reaction 
p1enomega1y has been used in the experiments described 
in this part of the thesis to measure the capacity of spleen 
cells treated in various ways to induce a graft-VerSuS-host 
reaction. The presence of an enlarged spleen is only an 
early symptom of the graft-versus-host reaction, anaemia, 
diarrhoea and gross retardation of growth developing later on 
in the course of the reaction, in cases where the animal has 
been injected at sufficiently young age and where the donor 
and host are genetically different (Simonsen 19579 Dillingham 
and Brent 1959). It is thought that the actual response of 
the injected cells, in reacting against the antigens of the 
host tissues, may take the form of a homograft reaction (Cock 
and Simonsen 1958, Dillingham and Brent 1959). Anaemia is 
found to be caused by the presence of a layer of gamma 
globulin, which is presumably formed by the donor cells, and 
which coats the erythrocytes which provoked its formation 
(Simonsen 1957). The cause of death in the more severe 
forms of graft-versus-host reaction would seem to be the 
outcome of the action of the donor cells alone, since the 
host cells are presumed to be incapable of reacting against 
their own tissue antigens (Burnet and Penner 1949). 
There is some evidence however to suggest that 
splenomegaly, as opposed to the death of the animal, may not 
be caused by the reaction of the donor cells alone, as was 
originally thought (Simonsen 1957). Biggs and Payne (1959) 
135. 
injected cookersl blood, into chick embryos of 14 days of 
incubation. Cocks are known to possess a pair of the fifth 
largest chromosome, while the female has only a single 
chromosome of this size. Four days after injection the 
embryos were killed and on examination of the metaphase 
plates of the female hosts it was found that about half the 
cells were of donor origin and half of host origin. Biggs 
and Payne (1961 a and b) later showed that the first signi-
ficant increase in spleen weight above those of the controls 
was not shown until four days after injection, tnat is on 
the day on which the embryos were killed for examination of 
the metaphase plates. The spleen enlargement was not as 
great as that seen two days later, and it is therefore 
possible tnat the division of the donor cells was not 
properly under way at that time. Biggs and Payne (1959) do 
not give any idea of how such higher than normal, is the rate 
of division of the host cells. If the proportions of 
dividing donor and host cells were followed more closely on 
a time scale and it could be determined how much higher than 
normal is the rate of division of the host cells, then their 
evidence would be of even greater interest. 
Biggs and Payne (191  a and b) followed the histological 
changes in chicken spleens after the injection of spleen 
cells or blood from adult chickens into embryos. They found 
that both types of inocula produced the same pathological 
changes, and that these could be divided into two phases. 
136. 
In the first phase there was extensive proliferation of 
reticulum cells to form large foci which frequently 
coalesced. In the rest of the spleen there was an increase 
in the amount of granulocytopoietie tissue, particularly of 
pyroninophilic cells. In the second phase of the response 
there was an apparent transformation of cells of the 
reticulum cell foci into lymphoid cells, while some of the 
blast cells in the rest of the spleen appeared to develop 
into plasma cells. After these changes, the structure 
gradually assumed that of a normal spleen. Although it was 
found that from the time of injection small numbers of small 
and medium lymphocytes were present in the reticulum cell 
foci, there was no histological evidence to suggest that the 
lymphocytes infiltrated into the reticulum cell foci from 
other parts of the spleen although there is extensive 
development of lymphocytes in a normal spleen at this time-  
Biggs and Payne think that the histological picture suggests 
transformation of the reticulum cells into lyinpkiocytio cells. 
They conclude that the reticulum cell foci are of donor cell 
origin, as are the plasma cells which develop among the 
granulocytic cells, and that the granulocytic cell develop-
ment is of host origin. 
The findings of Terasaki (1959a), that suspensions of 
tissue cultured monocytes or lymphocytes cannot induce 
splenomegaly has already been mentioned in the Introduction, 
He found that these cultured monocytes could induce tolerance 
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to subsequent skin grafts when injected into chick embryos 
(Perasaki 1959b), and could be judged to be viable since 
they took up solutions of neutral red dye (only living cells 
can do this) and they were able to proliferate when re 
cultured. Since he found that fresh "pure" preparations of 
blood lymphocytes were able to induce spleen enlargement, 
and that the degree of spleen enlargement was proportional 
to the numbers of lymphocytes injected., he suggested that 
the lyinpilocytic cells were responsible for inducing 
splenornegaly. The failure of the tissue cultured lymphocyte 
preparations to induce splenomegaly was attributed to the low 
viability of the cells after culture. Billingham and Silvers 
(1959) present cogent evidence to suggest that the splenomegaly 
which they observe, when fragments of akin are placed on the 
chorioaliantois of eggs is due parially to cells migrating 
from capillaries in the skin, and partially to lymphocytes 
fixed in the skin. These propositions fit in with current 
theories on the mediation of the hoinograft reaction (Medawar 
1957) which is alleged to be the cause of the more severe 
forms of the graft-versus-host reaction (Cock and Simonsen 
1958). 
From the results of the tissue culture experiments 
listed, in Table 11 it can be seen that where the degree of 
splenomegaly is very small, in experiments 1 9 2 9 4 9 7, 8, 9 
and 10 the predominant cell type after one day of culture is 
the small lymphocyte, although very small numbers of medium 
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lymphocytes can be observed (see figures 27, 31 and 33). 
It is suggested that the degree of splenomegaly is inversely 
related to the numbers of small lymphocytes. The Small 
numbers of medium lymphocytes  which can be seen are thought 
to be the cause of the small amounts of spleen enlargement 
which are observed in these oases. 
One of the possible causes for the low indices of 
aplenomegaly in experiments 2 9  7 and 8 has already been 
discussed. It would seem however, in all these cases the 
culture conditions have not met the requirements for the 
survival oZ the cells, or sufficient numbers of the cells 
which cause splenomegaly. 
However in experiments 39 5 and 6 in Table 11 the 
conditions for the survival of the cells which cause 
splenornegaly have at least been partially met. In experi-
ments 3 and 5 9  and in the first case in experiment 6 the 
degree of splenomegaly which the recipients of cells 
cultured in these media show is significantly different from 
the splenomegaly induced by cells maintained in a medium of 
10% sheep serum in Hank's: LH (p 0.001). In these cases 
the larger degree of aplenomegaly observed is suggested to 
be related to the larger numbers of large and medium lympho-
cytes which are observed in these experiments after one day 
of culture (see figures 28, 29 9 30 and 35). 
The distinctive crowding of the small lymphocytes 
around some of the large cells in figures 299 35 and 36 will 
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be noticed. Some of these cells can be identified with 
certainty as monocytes, on account of the large kidney shaped 
nuclei. The identity of the other cells is lees certain, 
but they are tentatively called blast cells. It is not 
thought that these monocytes are the cause of the eplenomegaly 
observed in the recipients, on the basis of the evidence 
presented by Terasaki (1959b). This crowding phenomenon has 
been observed by Rumble, Jayne and Puivertaft (1956) and 
Sharp and. Burwell (1960) 9  who suggest that the behaviour may 
be related to the function of the small lymphocytes, which 
some workers believe involves the transport of nuclear 
material (see Sharp and Burwell 1960). The small lympho-
cytes may even be fulfilling such a function here. 
It has been assumed that the suggestion of Jerasaki 
(1959a), that the lymphocytic cells are responsible for 
inducing splenomegaly, is correct, and it is suggested that 
the results of the experiments described in this section, 
show that the email lymphocyte does not induce spleen 
enlargement, but that the large and medium lymphocytes are 
probably capable of doing so. Although Simonsen (1960) has 
not confirmed in inbred mice the observation which he made 
in chickens (Simonsen 1957), that the cell responsible for 
spleen enlargement can be serially transplanted, it does not 
disprove his original suggestion that the cell causing 
spleen enlargement is capable of cell division. The 
evidence of Biggs and Payne (1959, 1961 a and b) shows that 
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donor cells do divide within the host tissues. If the 
reticulum cell foci which they observe are of donor origin, 
then if large or medium lymphocytes are the cause of 
splenomegaly, it is evident that some form of cellular 
change must occur to account for the presence of the 
reticulum cells in the host spleen. The stimuli for such a 
change to occur could either be some factor present in, or 
absent from the environment of the embryo or the newborn 
animal. Alternatively the antigens of the host tissue 
could first stimulate the donor cells to divide, the 1088 of 
characters which distinguish lymphocytes from reticulum cells 
being the outcome of the occurrence of division (see Willmar 
19589 pp. 18 at  seq.). Newborn animals have been found to 
be incapable of supporting antibody production by cells from 
immunized animals (Dixon and Weigle 19579 Noasal  1959 and 
Isaceon 1959), and this evidence would support the idea that 
the environment of an embryo or a newborn animal does not 
promote the retention of characters of the differentiated 
state. It seems more likely that the loss of characters of 
the lymphoid cells in becoming reticulum cells, which is 
postulated, is the secondary outcome of the stimulus to 
divide provided by the antigens of the host. There is no 
doubt that the induction of the splenomegaly syndrome is 
basically a specific immunological phenomenon. Furthermore 
there is evidence that the immunological phenomena of the 
homograft reaction and antibody production in a secondary 
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response is associated with cell division. Regional lymph 
nodes have been found to be enlarged after skin grafts in the  
first case (Medawar 19414 and 1945) and mitosis has been 
observed in the region of antibody producing cells in the 
second ease (Leduc, Coons and Connelly 1955). 
If in fact large and medium lymphocytes do lose their 
casracters and become reticulum cells, one would expect to 
find large accumulations of the former cells shortly after 
the injection of the spleen cells. The cellular picture 
immediately after injection has not as yet been followed 
closely. It would be of great interest to investigate this 
point more fully, possibly using cells labelled vdth 
fluorescent dyes or tz'itiated thymidine, particularly in 
view of the proposed cell changes which have just been 
discussed. 
If it is assu.raed that the evidence reported here 
supports the suggestion that large and medium lymphocytes 
are the cells which cause splenomegaly, and that they lose 
certain histological characters and come to resemble the 
reticulum cells, the question then arises as to what 
stimulates the reticulum cells to reassume the characters of 
lymphoid cells, as is suggested by Biggs and Payne's evidence. 
This change of cell type could be the ma nifestation of a 
natural maturation of the older cells of the series, or it 
could be the outcome of progressive changes in the embryo 
which permit the re-'maturation of the retioulum cells to 
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ljaphoid cells. This second possibility seems more likely 
since Biggs and Payne (1961 a and b) found that while the 
development of lymphocytic cells in the reticulum cell foci 
did not seem to be the result of cellular migration, the 
cells appearing in the spleen of uninjected control chickens 
at that time were lymphocytes. 
To summarize the suggestions which have been made so far 
on the cellular course of the splenomegaly syndrome, it would 
seem that splenomegaly is partially separated from the general 
course of the graft-versus-host reaction. While the antigens 
of the host tissue may stimulate the donor cells to divide 
initially, the internal environment of the embryo or newborn 
animal may for a time only permit cell division and not cell 
differentiation. It is not until a change in the internal 
conditions of the animal occurs that the maturation of its own 
lymphoid cells can proceed, and the same change can also occur 
in the progeny of the donor cells. In a sense the young 
animal hastens its own death by enabling the cells which have 
been stimulated by its antigens to multiply excessively. 
Consequently when the cells of donor-origin mature there are 
a great many of them available to migrate to all parts of the 
body and operate a homograft reaction against the antigens of 
the host tissues. 
2he discussion so far has centred around the possibility 
that splenomegaly is partially caused by the division of the 
injected donor cells which was observed by Biggs and Payne 
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(1959). The question now arises as to what causes the 
division of the boat cells which they observed. An answer 
to this question is demanded particularly by the finding of 
Davies and Doak (1960) that only a very small proportion of 
dividing donor-type cells could be found in the host spleen. 
This finding may be the outcome of the time at which they 
tested for cellular ohimaeriam in the host, or of the number 
of cells which they examined. It is unlikely that the 
proportion of host type cells is as high as they put it in 
view of the findings of Simonsen (1960) on the chimaeric 
nature of the organs of the mice exhibiting aplenomegaly. 
Since the possibility of the division of host cells cannot 
be ignored some explanation must be found for it. 
Splenoznegaly was not originally regarded as an immuno-
logical phenomenon, but as the specific growth stimulation 
of the homologous organ by chemical stimuli or the presence 
of subcellular particles from the donor tissue (Murphy 1916 9  
Danchakoff 1918,  Ebert 1951, 1954). 	Weiss (1947) suggests 
that such examples of specific growth stimulation could be 
due to subcellular particles acting as catalyta in the 
production of more of tie same type of cell containing these 
particles. Such inductions of division of the host cells 
has been postulated by Isacson (1959). 
Although no control experiments with completely disinte-
grated cells have been carried out in the experiments 
reported here, the results of all the experiments would 
indicate that the amount of splenic enlargement observed can 
be related to the numbers of viable cells present in an 
inoculum, particularly the numbers of large and medium 
lymphocytes, rather than to the amount of cell debris (see 
figure 25). 
However, until more evidence on the exact proportions 
of dividing donor and host 00118 in the recipient tissues is 
accumulated, the possibility of the induction of division of 
the host cells, possibly by sub-cellular particles, must be 
borne in mind. 
A comparison of the media used 
The relation, between the type of cell which predominates 
after one day of culture in various media and the degree of 
splenomegaly which such cells induce has already been 
discussed. It can be seen in Table U that cells which have 
been cultured in 30% sheep serum or 10% or,in one oaae,with 
30% rat serum induce greater degrees of splenouiegaly than 
cells cultured in any of the other media. With all these 
media, roughly the same proportion of cells take up solutions 
of viability stains after one day of culture, which strengthens 
the argument that it is the type of cell surviving the period 
of culture which determines the degree of eplenomegaly which 
the cells will induce, rather than the numbers of live cells. 
The contributions which serum makes to the composition 
of a medium have already been discussed in Part I. From the 
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results presented. in Table 11 there is an indication that 
serum is more likely to be providing some nutriment to the 
cells, rather than acting as a source of protective macro-
molecules. If serum were providing protection to the cells 
one would expect that 10% serum would be less effective than 
30% serum. However, the same numbers of dead cells are 
present after one clay of incubation in both media (see 
Table 11). If serum were supplying some nutriment one 
would expect that cells might survive better in a medium 
containing more of the nutriment. This is indeed shown to 
be the case, not by cell death, which is possibly inevitable, 
but by the type of cell which survives the period of culture 
in 30% sheep serum but not in 10% sheep serum. 
The poor result obtained in experiment 4 can be 
explained on the basis that in adding medium 199  containing 
many growth factors to 30% sheep serum the growth factor 
present in optimal levels in 30% sheep serum, reaches a 
growth inhibiting level in the combined medium. Such an 
inhibitory concentration of amino acids was found by 
Stavitaky and Wolfe (1958) and by Vaughan at a].. (190). 
The use of dialysed serum, as a component of the medium, 
would decide whether or not such a growth factor does exist 
in sheep serum. 
Although one of the litters of mice receiving cells 
which had been cultured in a medium containing 30% rat serum 
gave a poor response, there is an indication that as with 
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sheep serum 30% rat serum promotes the survival of cells 
causing splenomegaly to a better degree than a medium 
containing 10% rat serum. 
It is of interest that a medium containing 10% rat 
serum maintains cells in a better state of preservation 
than a medium containing 10% sheep serum (experiments 1 and 
5). A similar observation was made in Part I where it was 
found that cells from immunized animals which had been main-
tained for two days in a medium containing 10% rat serum 
gave as good an immune response in the recipient mice as 
cells which had been maintained for only one day in a medium 
containing 10% sheep serum (experiments 1 and 15 in Table 6). 
In Table 11 it can be seen that cells maintained in 
media containing 10 or 20% mouse serum did not induce as 
great a. degree of splenoniegaly as cells in 30% sheep serum 
or in 10 or 30% rat serum (compare experiments 7 9 8 and 9 
with 3, 5 and 6). This would suggest that heterologous 
sera are not inhibitory to the maintenance of spleen cells, 
as was found in Part I. although, as has already been pointed 
out, the poor response in experiments I and 8 is probably 
partially due to the use of cells from immunized donors. 
The whole question of whether the cells maintained for 
different lengths of time in the same medium (see figure 26) 9 
or the same length of time in different media (see Table 11) 
lose their capacity to induce splenomegaly as a result of cell 
death or cell transformation will be discussed in the General 
Discussion. 
General Discussion 
Possible causes of the decreased secondary response and the 
decreased splenomega].y shown in the recipients of tissue 
cultured cells 
In Part I it was shown that the recipients of tissue 
cultured 00118 from immunized donors show an immune response 
of a degree of magnitude which is inversely related to the 
length of time for which the cells baTe been cultured. The 
recipients of cells which have been cultured in a variety of 
media also show immune responses of differing magnitudes. 
The same phenomenon was observed in the experiments reported 
in Part II, although it was measured by splenomegaly, a re-
action which is known to involve a different cell type. 
The rise and fall in the numbers of plasma cells of 
varying stages of maturity, after immunization, has been 
found, by in vivo and in vitro observations, to be related 
to the amount of circulating antibody. it has repeatedly 
been observed, that there is a considerably higher proportion 
of plasma cells in various organs during and after various 
infectious diseases (see Fagraeus 19489 p. 18). 	It has 
been found that the same situation can be induced experi- 
mentalli after hyperimmunization (itolouch 19389 Kolouoh, Good. 
and Campbell 1947 9 Bjorneboe and Gormaen 1943,  and ihrich, 
Drabkin and Forman 1949). Several workers have followed the 
development of the various stages of the plasma cell series, 
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in relation to the amount of serum antibody, more closely on 
a time scale (Fagri ieus 1948, Makinodan, Ruth and Wolfe 19540 
and Wissler ?itch, .La Via and Gunderson 1958). The results 
of all the in vitro experiments, in which antibody formation 
by various tissues has been followed, also relate the amount 
of antibody formed to the numbers of plasma cells in the 
cultured tissue (see Table 1). This circumstantial evidence 
is probably of sufficient weight on its own to indicate the 
central role of plasma cells in antibody formation. It has 
been shown however, by Coons, Leduc and Connelly (1955)  and 
by Leduc, Coons and Connelly (1955)9 using fluorescent 
markers, that the presence of antibody in plasma cells can 
be demonstrated visually. Furthermore, the experiments of 
Attard.i, Cohn, iloribata and Lennox (1959) and Nossal (1958), 
where single cells of the plasma cell series have actually 
been found to produce antibody after short periods of incu-
bation in vitro, add the final proof to the role of the 
plasma cell in antibody formation. 
While the evidence that plasma cells, rather than cells 
of the lymphocytio series, form antibodies, is probably 
incontrovertible, the question of which cell is responsible 
for the ability to respond rapidly to a subsequent injection 
of antigen is not so readily answered. Such a cell is 
obviously involved in the decreased immune responses which 
have been found in the recipients of tissue cultured cells. 
Any answer to the question is based purely on speculation, 
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and this speculation in turn is based on the hypothesis of 
antibody production which is thought to explain best the 
observed facts. The cellular picture of anr lymphoid organ 
between immunizations cannot be used as evidence to indicate 
the type of cell which may persist to cause the rapid 
secondary production of antibody, since many of the cells in 
such organs, particularly plasma cells, may have arisen in 
response to immunization by infective agents entering the 
body through the gut or respiratory tract. 
The answer to the question of which cell is responsible 
for the secondary response is further complicated by which 
theory of the origin of plasma cells is adopted (macrophage 
or lymphocyte), and what further development potencies are 
attributed to plasma cells (see review by McMaster, 1953). 
In the cases where it is believed that only plasma cells 
actually form antibody,, it has been suggested that, whether 
the specificity of the antibody is determined genetically 
(Burnet and Penner 1949, Burnet 1959 Schweet and Owen 1958)9 
or by some form of cellular induction (Pappenheimer, Scharff 
and Uhr 1959, and Monod 1959), the cellular sequence of anti-
body production probably starts with a reticulum cell, which 
assumes the characters of a plasma cell as antibody formation 
proceeds. Where particulate antigens are involved, a phago. 
cytic cell is obviously involved, which is most likely to be 
a monocyte. There is no agreement whether this cell changes 
directly into the reticulum cell, or whether the necessary 
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information is handed on to the cells of tne plasinacytic 
series in some other way. Pappentteiiaer at al. and Monod 
(1959) think that the state of differentiation of the anti-
body producing cells will persist only for as long as the 
antigen is present. It is possible to argue from this 
statement that, since the evidence already cited connects 
plasma cells so closely with antibody production, and it is 
stated tn.at antibody production only occurs when cells which 
have been pre-induced with antigen are present, plasma cells 
will be found only for as long as antigen is present. when 
all the antigen has disappeared from the body all plasma 
cells connected with the formation of the specific antibody 
will also disappear. In the absence of such cells it may 
prove to be impossible to induce a secondary response. On 
the other hand, where the changes induced by the antigen are 
thought to be genetically fixed, and the information 
necessary for the production of antibody is not dependent on 
the persistence of antigen, then in the absence of detectable 
antibody formation, the cell responsible for the secondary 
response may not look like a plasma cell (urnet and .enner 
1949, Burnet 1956, and Schweet and Owen 1958). The evidence 
of Wissler et a).. (1953), that the appearance of mature 
plasma cells is paralleled by the appearance of many small 
lymphocytes, which may be liberated into the circulation, 
fits in with the postulated sequence of cellular events which 
are said to occur by the hypotheses of antibody production 
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which suggest that the specificity of the antigen is geneti-
cally fixed. The plasma cells would be the cells which 
actually form antibody, while the small lymphocyte is the 
cell which permits the rapid response to subsequent 
injections of antigen. 
In the eases where it is not thought that antibody is 
formed exclusively by plasma cells, but the antigen selects 
cells capable of forming gamma globulin of the required 
specificity, it is suggested that small lymphocytes with a 
surface configuration of the required specificity "recognize" 
the antigen (Ehrlich 1900, Burnet 19579 1959, £ederberg 19599 
and Talmage 1957 and 1959). It is not made clear in these 
hypotheses of antibody production exactly what role the small 
lymphocyte plays when particulate antigens are used.. Burnet 
(1959) suggests that a small lymphocyte "suitably activated 
can settle in reticular tissue and there give rise by division 
to a focus of lymphocytes or plasma cells, depending on the 
site of lodgement or other factors". The evidence of Wiseler 
et eL (1958) fits in particularly well with such hypotheses. 
There is circumstantial evidence to suggest that small 
lymphocytes can assume the characters of phagocytic monocytes 
and plasma cells ('aximov 19 27, Troweil 19589 Roberts, Dixon 
and Weigle, 1957, and dolub and, Riha 1960). There is 
however, just as much evidence which shows that the small 
lymphocyte is a fully differentiated cell, incapable of any 
further development (Hall and Furth 19389 Ebert, Sanders and 
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florey 1940, Medawar, J. 19404 and Shrich 1946). Jerne 
(1955) however believes that the selection occurs at a 
molecular level, a complex of the antigen with circulating 
specific antibody being carried to a phagocytic cell which 
either transforms into an antibody producing cell or transfers 
the necessary stimulus for division to the cells which can 
then synthesize more gamma globulin molecules of the required 
specificity. 
The evidence of Wisaler at al. (1958) would fit in with 
the majority of the hypotheses of antibody production 
(Fhrlich 19009 Burnet and Fenner 1949, Burnet 1956, 1957 and 
1959, Schweet and Owen 1958, Lederberg 19599 and Talmage 1957 
and 1959). Although the histology of cultured cells has 
only as yet been followed in one came in vitro (figures 32 
and 33) it can be seen that, while large and pale staining 
cells which could be plasma cells are present after four 
hours of culture, they are considerably less prominent after 
one day of culture, when the cells are mainly small and 
medium lymphocytes. It is tentatively suggested that the 
large numbers of small lymphocytes which are present in this 
culture, which shows a reduced immune response in the 
recipient mice (see experiment 8 in Table 6) would disprove 
suggestions that are made that the small lymphocytes are 
responsible for the secondary response. The origin of 
these small lymphocytes will be discussed later. 
Since there has been no cell division in any of the 
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cultures, as can be seen in figures 1 9 2 and 3, it is assumed 
that the decreased responses which the recipients of the 
cells shown in figures 32 and 339 and in all other experiments 
listed in Table 6, are not due to division of cells with 
subsequent loss of the capacity to produce antibody. The 
results of Dreoser (1961) could be mentioned here. lie 
showed that while antibody producing cells are very likely to 
divide in irradiated recipients, after increasing lengths of 
time the capacity to show an immune response decreased, while 
the recipients of smaller inocula of cells showed smaller 
immune responses after cell division. ii.s results would 
therefore be incompatible with those hypotheses of antibody 
production which suggest that the mechanism responsible for 
antibody synthesis is capable of replication either at a 
cellular or a auboellular level. 	hey support those hypo- 
theses of antibody production which depend on antigen 
persistence for continued antibody production. 
The decreased immune responses observed in the recipients 
of tissue cultured cells, and listed in Table 6, could either 
be due to cell death or cell transformation. If it is 
assumed that the estimation of cell death with viability 
stains involve the same errors at every estimation, it can be 
seen in figure 3 and in column 4 of Table 6 9 that in all cases 
there is an increase of 10% dead cells after one day of culture. 
Cell debris can certainly be seen in the photographs of cultured 
spleen cells. No estimation has been made in the mouse of the 
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proportions of cell types in the spleen of an animal after 
the immunization procedure adopted here. In Table 13 all 
the available figures from the literature on the proportions 
of plasma cell types in spleen and lymph nodes from hens, 
rats and rabbits immunized against a variety of antigens are 
listed. It can be seen that at the peak of the response 
the estimates agree that spleen and 1yrph nodes contain 
15 - 20% plasma cells. Since the spleens were removed for 
culture in the experiments reported here after the peak of 
the response, there may have been fewer plasma cells. 
Although not all of these cells, if any, may be responsible 
for the nature of the secondary response, the 10% death 
which is observed could account for the decreased immune 
responses whica have been observed. This figure of 10% may 
include eosinophiils and probably some lymphocytes. If only 
half the dead cells were cells of the plasma cell series, 
and only half of the plasma cell series (7 10%) were 
responsible for the subsequent immune response in the 
irradiated recipients, cell death could account completely 
for the decreased immune responses which have been measured. 
The progressive decrease in immune response of cells which 
have been cultured for increasing lengths of time, which is 
seen in figures 13 to l, can be accounted for by increased 
numbers of plasma cells dying after longer periods of culture. 
If the change induced by contact With antigen did involve 
a mechanism capable of replication, and some of the cells so 
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Table 13. The proportions of plasma cells in lymphoid 
organs of immunized animals at the peak of 
the response 
Author 	Animal Organ 	Antigen 	No. of 	% Plasmainjections cells 
Attard.i at al. Rabbit L.N. 	Phage 	H 	26 65 
1959 
akinodan 
at al. 1954 Hen Spleen NSA 1 20 
agraeua 1948 Rabbit Spleen S. typhi 2 7 
Nossal 1959 Rat L.N. S. adelaide 2 18 
Vaughan at a)... Rabbit Spleen EA 2 20 
1960 
Lymph node 
BSA 	Bovine serum albumin 
EA 	- Egg albumin 
H 	hyperimmunized 
altered the during the period of culture, one would expect that 
the remaining cells in dividing in the irradiated recipient 
would be able to compensate for the deficit. This has 
obviously not occurred, and this evidence supports the 
suggestions of Dresser (1961). 
The possibility that cell transformation has occurred 
cannot be entirely neglected. A transformation of plasma 
cell to lymphocyte has not been reported in the literature, 
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but it could account for the large numbers of small lympho-
cytes which are to be seen after one day of culture. The 
fact that these cells probably have not played a part in the 
immune response has already been discussed. 
To return to the decreased splenomegaly which has been 
observed in the recipients of tissue cultured cells. The 
use of this technique has not in itself added to information 
on the nature of the cellular changes associated with the 
immune response, which was the starting point of the thesis. 
It has provided however a measure of survival of the cells 
after culture, and in the course of the experiments it has 
been possible to throw a little light on the nature of the 
causes of aplenomegaly. 
It has already been pointed out that the occurrence of 
splenomegaly in the recipients of tissue cultured cells can 
be related to the survival of large and medium lymphocytes 
during the period of culture. This in turn has been related 
to the composition of certain media. This finding has been 
discussed in relation to current evidence on the type of cell 
which causes splenomegaly and the pathological changes 
associated with the development of splenomegaly. 
As was the case in explaining the decrease which has 
been observed in the secondary response in the recipients of 
tissue cultured cells from immunized animals, the decreased 
aplenomegaly could either be due to cell death or cell 
transformation. It was found that whether spleen cells from 
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an immunized or sa uniuni zed. animal were cultured the 
increases in numbers of dead cells after one day of culture 
was roughly, .he °nie in all media (see Table 11). 	While 
there is evidence that this figure probably includes some of 
the cells responsible for the secondary response, it could 
well also include cells responsible for inducing splenomegaly. 
Lymphocytes were shown, in the review of the literature on the 
culture of lymphoid cells in vitro, to be short-lived under 
culture conditions. The histological picture (see figures 
32 and 33) does show however a striking change of the cellular 
picture, in some cases,to a predominance of small lymphocytes. 
This was confirmed by rough differential cell counts. On 
the basis of this observation, it is suggested that while 
cell death may partially account for the decreased splenomegaly 
which some cultured cells induce, cell transformation probably 
plays a more important role. With reference to such a trans-
formation, Trowoll (1952)  has found a smaller proportion of 
large and medium lymphocytes after culture than in a normal 
lymph node, and he suggests that since there are only very 
few pycnotic large and medium lymphocytes to be seen in the 
culture, these cells mature, as they would in vivo, to form 
small lymphooyte8, but no cells can survive to replace the 
large and medium lymphocytes. He concludes that lymphocytes 
are more exacting in their culture requirements. Trowell 
(1955) also reports that he finds that the final appearance 
of the small lymphocytes is dependent on the medium in which 
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they are cultured.. In good culture conditions small lympho-
cytes may become quite large, and vice versa. The very small 
cells observd ic, some cultures may indicate that the culture 
conditions are poor. 
It is concluded from the results of these incomplete 
experiments described in this thesis that cell, death probably 
accounts for the decreased secondary response, and partly for 
the decreased aplenomegaly, but that cell transformation 
plays a large part in causing the decreased splenoinegaly. 
A critique of the experimental design 
To a very large extent the results of these experiments 
have not provided any insight into the nature of the cellular 
changes associated with the production of antibody. The 
approach to the problem of growing antibody-forming tissue 
in vitro was deliberately made as simple as possible, although 
attempts have been made to incorporate the findings of other 
workers. It has become apparent that the conditions of 
culture, in particular the composition of the medium and the 
way in which the spleen cells are cultured, are probably too 
simple, in as far as the conditions have not not the survival 
requirements of the cells. The best histological survival 
of the cultured cells, and the production of the greatest 
amounts of antibody in vitro were found only when a relatively 
complicated system of culture was employed (see Steiner and 
Anker 19569 and Table 1). 
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Some conditions of culture obviously permit better 
survival of cells than others. 10 or 30% rat serum or 30% 
sheep serum in aank'o: Ui were found to give the best results 
with splanomegaly. The results with serum substitutes in 
Part I were encouraging, and so were cultures made as bunks 
embedded in plasma clots. These are obvious starting points 
in future experiments to find media and culture conditions 
which permit better cell survival in vitro. 
The successes which have been obtained in "culturing ,  
tissues, including antibody forming tissues in vivo (Dresser 
1961), would suggest that imitation of this environment in 
vitro might permit better growth of lymphoid tissue • The 
use of serum from irradiated animals or the use of an 
irradiated feeder layer of cells, which has been developed. 
by Puck, Marcus and Gieciura (1956) 9 might give interesting 
results. 
A drawback of using the antigen-elimination technique 
as a quantitative measure of the effects of tissue culture 
on cells has been the poor responses which some of the mice 
have shown when immunized with JGG. It is obviously 
essential to investigate more closely the timing of any 
immunizing injection. Better results might have been 
obtained if a more sensitive and reliable method of measuring 
antibody formation had been used. 
While splenomegaly has proved, within limits, to be 
capable of measuring the viability of cells in vitro, the 
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test has also provided a rapid measure of the growth 
promoting povers of various media. 
It is possible that the newer hypotheses of antibody 
production, which relate antibody production to the general 
field of cellular differentiation (Pappenheimer et al. 19599 
and Monod. 1959), may prove to be the basis of a very useful 
approach to the problem of antibody synthesis. Since the 
standard approach to problems of differentiation involves 
tissue culture, any information on the culture requisites of 
lymphoid tissues in vitro, may in the future prove invaluable. 
It must be stated that it may prove impossible to induce 
antibody-forming cells to divide, as was initially hoped, and 
to retain their differentiated state. This has been found 
by innumerable workers in the past, when culturing highly 
differentiated tissues in vitro, and has led to the hypothesis 
that cell division and cell differentiation are mutually 
exclusive (Weiss 1939, WiUmer 1958). Such a finding would 
of course be the final proof that antibody formation involves 
the temporary differentiation of cells to produce a specific 
proteinunder the influence of the antigen (?appenkieimer 
et al. 1959, and Monod. 1959). The whole question of 
differentiation has been reviewed by Grobatein (1959). He 
Points out that while cells may have been found to have lost 
characters of their former state of differentiation in vitro, 
as for example the loss of certain enzymes from a strain of 
cultured cells derived from liver cells (Perake, Parks and 
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Walker 1957), a true test of the permanency of the change 
can only be measured when the cells are returned to their 
normal environment. Several experiments of this kind have 
been performed recently. MøCulloch and Parker (1956), 
Billen (1957 and 1958) and Billen and Debrunner (1960) 
cultured Buffy coat of blood and bone marrow in vitro for 
upwards of ten days, and they found that the cells which had 
been cultured had a lower capacity to save lethally 
irradiated mice from death than uncultured. tissues. After 
two weeks of culture the capacity to prevent irradiation 
death was completely lost. As the cells were growing well, 
the cell responsible had either died out, as may be the case 
in the experiments which have been reported here, or culture 
conditions had made it incapable of functioning normally. 
Sandford, 2terwin, Uobbs and Earle (1959) found that after 
some months of culture a strain of tumour cells possessed a 
reduced capacity to induce tumours in hosts. As yet these 
are the only examples of situations in which the permanency 
of changes induced by periods in vitro, have been measured 
by returning tiae tissue to in vivo conditions. Although 
the reasons for which the cultured cells have lost the 
characters of their state of differentiation in vitro are 
not as yet clear, an approach such as has been adopted here, 
if it can be improved upon by modification of certain features, 
may provide valuable information not only about the nature of 
antibody formation, but also about the general problem of 
cellular differentiation. 
Summary 
A comparison has been made of two methods of measuring 
the immune reponaas of CA mice which have been immunized 
against bovine gamma globulin (BGG). The technique of 
following the elimination of 1311 EGG from the circulation 
was chosen in preference to the technique of baeiaagglutina 
tion, because of the greater reliability of the former 
technique. 
It has been found that the immune responses of some of 
the donor animals, or their lymphoid coils, were poorer than 
those of others. This finding has been discussed in 
relation to the timing of the various injections of antigen. 
A technique of culturing spleen cells from immunized 
animals in vitro has been worked out. Spleens have been 
cultured either as fragments of tissue, or as cell 
suspensions, for different lengths of time in & variety of 
media. 
k. After the period of culture the spleen cells were 
harvested and they were then injected into irradiated 
recipients. The recipients were later challenged with 
labelled. BGG and the elimination of this injection was 
followed, and compared with that of appropriate groups of 
control mice. 
163. 
It has been found that spleen cells which have been 
cultured for increasing periods of time showed decreasing 
immune responses in the recipient mice. 
Cells which had been cultured for the same length of 
time in different media showed a decrease in immune response 
in the recipients. The magnitude of the response could be 
related to the composition of certain media. 
Coil division was not measured in any of the media 
investigated. It was thought that the decreased response 
could therefore either be due to cell death or to cell 
transformation. Viability estimations with stains showed 
an increase in the numbers of dead. cells. Although cell 
transformation could have occurred, it was thought that 
cell death was the more likely explanation of the decreased 
immune responses which were observed. This has been 
discussed in relation to the cellular basis of current 
hypotheses of antibody formation. 
Part II 
1. Thegraft-versus-host reaction was originally adopted 
as a possible biological measure of the viability of spleen 
cells after periods of culture in vitro. 	3plenomegaly has 
been found, within limits, to be a good indicator of the 
number of viable cells In an inoculum of cells which had 
not been cultured. 
1640 
It was found that cells which had been cultured for 
increasing lengths of time induced decreasing amounts of 
splenomegaly. Cells which had been cultured in different 
media for the same length of time induce varying degrees of 
splenomegaly. 
It has been found that the degree of splenomegaly which 
the cultured cells induce can be related to the type of cell 
which survives the period of cultureo i.o aplenomegaly was 
induced by cultures which were composed predominantly of 
small lymphocytes, while splenomegaly was induced by cultures 
in which larger numbers of medium and large lymphocytes 
survived. This finding was discussed in relation to current 
views on the induction and cellular changes associated with 
spleziomegaly. 
The possibility that the amount of splenomegaly which 
the cultured cells could induce was related to cell death or 
cell transformation was discussed. It was concluded that 
while cell death might partially be the cause of the 
decreased splenomegaly which was observed, cell transformation 
probably played a larger part. The transformation of large 
and medium lymphocytes into small lymphocytes is the normal 
maturation process in vivo. It is suggested that such a 
transformation did occur, the small lymphocyte being incapable 
of causing aplenomegaly. 
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It has been concluded that the conditions of culture 
which have been used here are probably inadequate for the 
survival and development of spleen cells. Some media have 
been found to permit better cell survival than others, and 
these would be used as the starting point for future 
investigations. In view of the growing appeal of hypotheses 
of antibody formation which relate the production of antibody 
to the general field of cellular differentiation, any 
indications of the culture requirements of lymphoid tissues 
are of great importance. The technique of returning 
cultured cells from immunized animals to an irradiated 
animal and there measuring their capacity to show an immune 
response is of immense interest, not only in relation to the 
nature of the process of antibody formation, but also to the 
general problem of cellular differentiation. 
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Appendix 
Hank's Solution 
Hanks and 4allace (1949) 
Solution A 
NaC1 8.0 
KC1 0.4 g 
Ca012 0.2 
tg8O4.7ki20 0.2 g 
Na1iPO4. 	2O 0.1 
0.1 g 
Glucose 2.0 
Phenol red 0.02 
Dist-H20 1000 ml 
Calcium and Magnesium free saline 
Moscona (1952) 
NaC1 	 8.0 g 
KCl 	 0.2 g 
Nail 2PO4.d20 	0.005 g 
takLC03 	 1.0 
Glucose 	 2.0 g 
Dist. H20 	1000 ml 
Solution 3 
NaHCO3 	1.4 g 
Diet-H20 	100 ml 
